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Absorption Cycling Process. 

Absorption Oil Purification Process (PED). 
Absorption Process (Flint). . = 
Absorption Processes (J&L). . 


fiikylation Acid Regeneration Process (Chemico). 
Anhydrous Hydrogen Chloride Process (Girdler) 
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Butadiene Process (SOD).. 
Butane Isomerization Process (Shell). . 


Cc 
Catalytic Alkylation Process (Kellogg).......... 


Catalytic Dehydrogenation Process (UOP).. 
Catalytic Desulfurization Process (Phillips). . 
Catalytic Desulfurization Process (Texaco) . 
Catalytic Hydrogenation Process (Shell)...... 
Catalytic Polymerization Process ee 
Catalytic Polymerization Process (UOP).. 


Clay Desulfurization Process. . 

Clay Treating Process (Texaco) . 

Cobalt Molybdate Desulfurization Process (Union)... 
Continuous Contact Filtration Process (Filtrol).. 


Cmde Oil Desalting Process (Visco)...... 
Crude Oil Distillation Process—Single Stage. . 


Crude Oil Distillation Process—Three aed eens 
Cycloversion Process (Phillips) 





D 
DeLaval S-N Acid Treating Process (DeLaval).... 


Delayed Coking Process (Foster Wheeler)......... = 


Delayed Coking Process (Kellogg). . 2 
Desalting, Filtration, Acid Treating Processes. 
Diethylene Glycol Gas Dehydration Process. . 
Duo-Sol Solvent Extraction Process (Max Miller). . 
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Edeleanu Process (Badger)...... 
ical Desalting Process (Petreco). . 
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Ethylene Process (Stone and Webster). . pegs hale 
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Filtrol Fractionation Process (Filtrol)....... 
Fixed Bed Catalytic Cracking Process (Houdry).. 







Catalytic Cracking Process (SOD). . 
Catalytic Cracking Process (UOP). 






al Refining Process (Texaco) 
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Gas Conversion Processes. . oT 
Gas Purification, Dehydration Processes.......... 
Gasoline and Gas Fractionation Process (Badger). . 
Gasoline cnd Gas Fractionation Process er: 
Gasoline cid Naphtha Treating Processes. . . 
Githotol P: sess (Girdler). . 

Glyeol-Ar ne Gas Treating Process (Fluor). . 


Septem), 


oy 
a 








1948—Process Handbook Edition 


pac: 


“@bsorption and Stripping Processes.................... 


Adsorptive Gas Dehydration Process (Homco). . eee 
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fzeotropic Fractionation Process (Union)................ 


Catalytic Conversion Processes...................... Ne 
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Cmde Oil Distillation Process—Dual-Flo (Born). See 
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This modern plant manned by experienced person- 
nel assures your getting dependable pipe bending 


and pipe fabricating service when promised. 


39 YEARS EXPERIENCE SERVING LEADING COMPANIES... Me 


rExas PIPE BENDING comm 





> * 
PIPE BENDS Vy / OFFICE AND PLANT 
PIPE COILS \ J) 301 FRIO STREET 
WELDED HEADERS SFY WOODCREST.6- 2659 











OWNERS, MANUFACTURERS AND LICENSORS OF 


THE ATLANTIC REFINING COMPANY, 
260 South Broad Street, Philadelphia, Pennsylvania. 


Nitrobenzene Extraction Process 


ATTAPULGUS CLAY COMPANY, 
260 South Broad Street, Philadelphia, Pennsylvania. 


Percolation Filtraction Process. . 


E. B. BADGER & SONS COMPANY, 

500 Fifth Avenue, New York 18, New York. 
Crude Oil Distillation—Three Stage. 
Edeleanu Process 
Naphtha Fractionation Process 
Gasvline and Gas Fractionation Process 


BORN ENGINEERING COMPANY, 
P. O. Box 102, Tulsa, Oklahoma. 


Crude Oil Distillation Process—Dual-Flo 


CHEMICAL CONSTRUCTION CORPORATION. 
950 Fifth Avenue, New York 1, New York. 


Alkylation Acid Regeneration Process 


DeLAVAL SEPARATOR COMPANY, 
165 Broadway. New York 6, New York. 


DeLaval SN Acid Treating Process 


DOW CHEMICAL COMPANY. 
Midland, Michigan. 


Styrene Process 


FILTROL CORPORATION, 
634 Spring Street, Los Angeles 14, California. 
Continuous Contact Filtration Process 
Filtrol Fractionation Process 


FLINT STEEL COMPANY, 
P. O. Box 1978, Tulsa, Oklahoma. 


Absorption Process 


THE FLUOR CORPORATION, LTD.., 
Les Angeles 22, California. 


Glycol-Amine Gas Treating Process 


FOSTER WHEELER CORPORATION, 
165 Broadway, New York 6, New York. 
Delayed Coking Process 
Vapor Recovery Process 


THE GIRDLER CORPORATION, 

East Broadway, Louisville 1, Kentucky. 
Anhydrous Hydrogen Chloride Process 
Girbotol Process 
Hydrogen Process 


HOUDRY PROCESS CORPORATION, 
225 South Fifteenth Street, Philadelphia 2, Pennsylvania. 
Fixed Bed Catalytic Cracking Process 
Thermofor Catalytic Cracking Process 


HOUSTON OIL FIELD MATERIAL COMPANY, 
P. O. Box 2589, Houston 1, Texas. 
Adsorptive Gas Dehydration Process 


JONES AND LAUGHLIN SUPPLY CORPORATION. 
P.O. Box 2481, Tulsa 2, Oklahoma. 


Absorption Processes 


THE M. W. KELLOGG COMPANY. 
25 Broadway, New York 7, New York. 


Catalytic Alkylation Process 
Catalytic Polymerization Process 
Delaye d Coking Process 

Fluid Satalytic Cracking Process 
Hydroforming Process 

Pheno! Extraction Process 
Propane Deasphalting Process 
Propane Decarbonizing Process 
Propane Dewaxing Process 


ON OIL COMPANY, 
El Dorado, Arkansas 
Ammo: ia Synthesis Process 


THE LUMMUS COMPANY. 
420 Lexi: gton Avenue, New York 20, New York. 


Crude Oil Distillation Process—Two Stage 
thylere Process 

Cline and Gas Fractionation Process 
Nap 1-Gasoil Polyforming Process 
1 Special Rerun Process. 
a Cracking Process 
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MAX B. MILLER. INC., 
501 Fifth Avenue, New York, New York. 


Duo-Sol Solvent Extraction Process 


0. L. OLSEN, 
Esperson Building, Houston 2, Texas. 


Stage Separation Cycling Process 


OTTO H. YORK, INC., 
364 Glenwood Avenue, East Orange, New Jersey. 


Fractional Liquid Extraction Process 


PETROLEUM ENGINEERING, INC.., 
Commerce Building, Houston 2, Texas. 


Absorption Oil Purification Process. . 
Low Temperature Gas Rectification Process 


PETROLEUM RECTIFYING COMPANY, 
539 West Sixth Street, Los Angeles 14, Californic. 


Electrical Desalting Process 


PHILLIPS PETROLEUM COMPANY, 
Bartlesville, Oklahoma. 
Catalytic Desulfurization Process 
Catalytic Reforming Process. 
qoeper Sweetening Process 
Cycloversion Process 
HF Alkylation Process...... 


THE PURE OIL COMPANY, 
35 East Wacker Drive, Chicago, Illinois. 
Mercapsol Gasoline Treating Process " 


SHELL DEVELOPMENT COMPANY. 
50 West Fiftieth Street, New York 20, New York. 
Butane Isomerization Process... 
Catalytic ot ete me Process 
Hot Acid Polymerization Process. 
Liquid Phase Isomerization Process 
Phosphate Desulfurization Process 
Solutizer Process 
Tannin-Solutizer Process ... 


SOCONY-VACUUM OIL COMPANY, 
26 Broadway. New York 4, New York. 
Thermofor Pyrolytic Cracking Process 


STANDARD OIL DEVELOPMENT COMPANY, 
30 Rockefeller Plaza, New York 20, New York. 


Butadiene Process 
Fluid Catalytic Cracking Process 
Hydrogenation Process ...... 


STANDARD OIL COMPANY (INDIANA), 
910 South Michigan Avenue, Chicago 80, Illinois. 


Isoforming Process 
Isomate Process 3 
Pentane-Butane Isomerization Process. 


STONE AND WEBSTER ENGINEERING CORPORATION, 
49 Federal Street, Boston 7, Massachusetts. 
Ethylene Process 


TEXACO DEVELOPMENT CORPORATION, 
145 East Forty-Second Street, New York 17, New York. 
Clay Desulfurization Process ne 


Furfural Refining Process 
Hydrocol Process 
Solvent Dewaxing Process........... 


Furl Treating Process 


UNION OIL COMPANY OF CALIFORNIA, 

Union Oil Building. Los Angeles, California. 
Azeotropic Fractionation Process. eC 
Cobalt Molybdate Desulfurization Process. . 
Continuous Shale Retorting Process 
Hypersorption Process 


UNIVERSAL OIL PRODUCTS COMPANY, 
310 South Michigan Avenue, Chicago 4, Illinois. 


Catalytic Dehydrogenation Process 
Catalytic Polymerization Process 

Fluid Catalytic Cracking Process ; 
Isomerization Process ee 
Paraffin Alkylation Process. 

Thermal Cracking Process ca 
Thermal Reforming Process.......... ‘ 
Unisol Mercaptan Extraction Process 


VISCO PRODUCTS COMPANY. INC., 
6216 West Sixty-Sixth Place, Chicago, Illinois. 
Crude Oil Desalting Process.... 





On the Job with Arc Welding 


Typical cost-cutting applications of arc welding 
for repair and construction of refinery equipment. 


Fig. 1. Installing agitator mechanism to 70’ diameter 30,000 
gallon tank for mixing ethyl in gasoline. 24” opening in tank 
is flame cut in 44” plate wall. 


Fig. 2. Arc welding adapter assembly to 30,000 gallon tank 
shown in Fig. 1. Adapter is shop fabricated from flame cut 54” 
plate and 24” pipe and then held to tank with hydraulic jacks 
for welding with “Fleetweld 5” electrode. 


Fig. 3. High pressure exchanger lining is made from 8” wide 
strips of 16 gauge stainless steel weld-assembled with contin- 
uous butt welds. Assembly is then plug welded to exchanger 
with “Stainweld” electrode. 


Fig. 4. Welding nipple to tar pot for separator. Tar pot is lined 
with stainless steel plate assembly plug welded to wall with 
“Stainweld D” electrode. 


Fig. 5. Ring grooves of flanges are restored by arc welding. 
Two flanges are built up using “‘Stainweld A5-Cb” electrode 
with finish pass of “Stainweld D” for machinability. 


Fig. 6. Welding a flange onto a 3” mild steel pipe. Pipe is 
turned in a vee support for fast downhand welding. 


The above is published by LINCOLN ELECTRIC in the interests of progress. Handy pocket-size ‘Welding Guide” free on request. Write The l incoln 


Electric Company, Dept. 42] Cleveland 1, Ohio. 
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OIL DISTILLATION PROCESSES 


Crude Oil Distillation Process—Single Stage 
Crude Oil Distillation Process—Dual-Flo 
Crude Oil Distillation Process—Two Stage 
Crude Oil Distillation Process—Three Stage 


THERMAL CONVERSION PROCESSES 


Thermal Cracking Process 

Thermal Cracking Process 

Thermal Reforming Process 

Delayed Coking Process 

: Delayed Coking Process 

s lined Naphtha-Gasoil Polyforming Process 
1 with Thermofor Pyrolytic Cracking Process 
Continuous Shale Retorting Process 





CATALYTIC CONVERSION PROCESSES 


Thermofor Catalytic Cracking Process 
Fluid Catalytic Cracking Process 
Fluid Catalytic Cracking Process 
Fluid Catalytic Cracking Process 
Fixed Bed Catalytic Cracking Process 
Cycloversion Process 

Catalytic Reforming Process 
Hydroforming Process 

Hydrogenation Process 

Catalytic Hydrogenation Process 


GAS CONVERSION PROCESSES 


Catalytic Polymerization Process 
Catalytic Polymerization Process 
Hot Acid Polymerization Process 
‘Iding. Catalytic Alkylation Process 
strode Paraffin Alkylation Process 

HF Alkylation Process 
Butane Isomerization Process 
Pentane and Butane Isomerization Processes 
Liquid Phase Isomerization Process 
Isomerization Process 
Isomate Process 
Isoforming Process 
Catalytic Dehydrogenation Process 





SOLVENT REFINING PROCESSES 


Duo-Sol Solvent Extraction Process 
Nitrobenzene Extraction Process 
Furfural Refining Process 

Phenol Extraction Process 

Edleneau Process 

Propane Deasphalting Process 
Propane Decarbonizing Process 
Fractionc! Liquid Extraction Process 
Solvent De vaxing Process 

Propane D. axing Process 
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DESALTING, FILTRATION AND ACID TREATING PROCESSES 


Crude Oil Desalting Process 
Electrical Desalting Process 

Filtrol Fractionation Process 
Percolation Filtration Process... 
Continuous Contact Filtration Process 
DeLaval S-N Acid Treating Process. . 
Alkylation Acid Regeneration Process 
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GASOLINE AND NAPHTHA TREATING PROCESSES 


Solutizer Process (Shell) 
Mercapsol Gasoline Treating Process. 
Cobalt Molybdate Desulfurization Process 
Tannin-Solutizer Process 

Unisol Mercaptan Extraction Process 
Copper Sweetening Process 

Clay Treating Process. . 

Catalytic Desulfurization Process 

Clay Desulfurization Process 


SERERRZES 


GAS PURIFICATION, DEHYDRATION PROCESSES 


Adsorptive Gas Dehydration Process 
Diethylene Glycol Gas Dehydration Process. 
Girbotol Process 

Glycol-Amine Gas Treating Process 
Phosphate Desulfurization Process 
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LIGHT HYDROCARBON RECOVERY AND FRACTIONATION 
PROCESSES 


Low Temperature Gas Rectification Process 
Absorption Process oad 
Absorption Processes 

Stage Separation—Cycling Process. 
Absorption Cycling Process ; 

Pipe Line Absorption Process. 
Absorption and Stripping Processes 
Multi-Pressure Absorption Process 
Absorption Oil Purification Process 
Gasoline and Gas Fractionation Process 
Vapor Recovery Process. . 

Gasoline and ‘Gas Fractionation Process 
Naphtha Fractionation Process 
Naphtha Special Rerun Process 
Hypersorption Process . 

Azeotropic Fractionation Process 


PETROCHEMICAL PROCESSES 


Anhydrous Hydrogen Chloride Process 
Ammonia Synthesis Process , 
Styrene Process . 

Ethylene Process 

Ethylene Process . 

Hydrogen Process . 

Hydrocol Process . 

Butadiene Process 
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The Lummus Company, having main offices and 
laboratories in New York, and branch offices in key 
cities of the United States, London, and Paris, is 
available to petroleum refiners and chemical manu- 
facturers as a complete and integrated engineering 
service organization prepared to undertake anything 
from factual economic analysis of contemplated plant 
expansion to actual design, construction, and initial 
operation of unit process plants in these industries. 

Extensive laboratory facilities are maintained for 
fundamental process development, charge stock eval- 
uation, and pilot scale tests on units of varying size 
for such operations as distillation of all types, thermal 
and catalytic cracking, continuous coking, propane 
deasphalting, solvent refining and dewaxing, wax de- 
oiling, and other related processes, By means of such 
pilot plant tests Lummus can fulfill its obligation to 
disinterestedly select that process or combination of 
processes best suited to a client’s product require- 
ments from given charging stocks. On the basis of 
these tests the engineering staff develops the full 
scale plant process and mechanical desien. Material 


and equipment are purchased, inspected if necessary, 





Lummus has had some sixty years of experience in 
the design and construction of chemical plant process 
units and twenty-five years in the petroleum refining 
held. Since the birth of chemical engineering princi- 
ples, Lummus has applied distillation, heat transfer, 
and flow of fluids in modern chemical and petroleum 
plant designs. Lummus has pioneered in the commer- 
cial development of a number of successful processes 
including lube oil solvent refining and dewaxing, 
selective cracking, polyforming, catalytic cracking, 
and wax deoiling, as well as ethylene, styrene, buta- 
diene, phenol, and azeatrophic toluene preduction 
units, and has designed and built petroleum process- 
ing units of all types as well as many complete 
refineries. 

In the chemical field Lummus has built over 300 
units including alcohol, benzol, phenol, ethylene, 
butadiene, and styrene manufacturing plants. The 
number of plants for the manufacture of motor gaso- 


line and 100 octane aviation gasoline from petroleum, 


18 


LUMMUS ORGANIZATION AND SERVICES 






LUMMUS BACKGROUND 





and shipment coordinated with the requirements of 


the field construction department. Much of this equip- 






ment, such as all types of shell and tube heat ex: hange 






equipment and fabricated piping may be furnished 






by Lummus manufacturing divisions. As plant con- 






struction nears completion Lummus operating per- 






sonnel conduct preliminary tests of the equipment 






and, finally, supervise the initial operation and _per- 






formance tests for customer acceptance, 






The interest of the Lummus Company in any par- 





ticular installation does not end at this juncture, 






however, for field representatives make periodic visits 







to the plant keeping a record of its operating per- 







formance, maintenance requirements and long term 






efficiency. Should charging stocks or product re- 






quirements radically change, such check-up will en- 






able the prompt preparation of suggested plant alter- 





ations to meet the new demands. In the last analysis, 





only on such long term familiarity with a plant’s per- 






formance and suggestions and observations by its op- 









erating staff can future design be intelligently based. 









iicluding crude distillation, thermal cracking, cata 


lvtic cracking, polyforming and polymerization units 






exceed 170. In the lubriating oil field, Lummus has 






built over 90 process units employing solvent refining 





and vacuum distillation, propane de- 





dewaxing, 





asphalting and clay finishing processes. 





The Oil Heater Division has specialized in the 






intricate design of direct fired heat exchange equip- 







ment of all types and has developed a number of a¢- 







vantageous design features for this highly important 







plant element, The extensive experience of Lummis 







in heavy engineering and process construction, in the 






niarshalling and supervising of large project labor 






forces, is reflected in its enviable records of freedom 





from work stoppages and rapid plant erection sched- 





ules. Lummus operations extend world-wide and 






include plants built in the Netherlands Indies, all 
through Europe and the Near East, South .\merit 


and the Orient. 
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GASOLINE MANUFACTURE 


With gasoline production approximately 40% of 


crude run and quality ever on the increase, gasoline 
manufacturing processes represent the most impor- 


tant part of refinery operations. 


Catalytic Cracking 


Catalytic cracking was introduced in the petroleum 
refining field in 1938 and some one hundred plants 
were in operation with a total charge thruput of ap- 
proximately one million barrels per day by the end 
of the World War II. Since then these figures have 
been increased in the order of 30%. 

Catalytic cracking is being employed extensively 
for the conversion of heavy distillate fractions from 
crude oil into high octane number gasoline by once- 
through and recycle operations. This high octane cat- 
alytic gasoline has become a major constituent of 
motor fuel blends in many refineries and will become 
increasingly more important as engines designed for 


still higher compression ratios are brought into large 











scale production, Another important aspect of cata- 
lytic cracking is its ability to produce substantial 
volumes of home heating oil from feed stocks of 
higher boiling range while at the same time produc- 
ing no residual fuel oil. 

Virgin feed stocks for catalytic cracking units may 
be prepared by atmospheric and/or vacuum distilla- 
tion, flashing in the presence of steam, or by propane 
deasphalting. Valuable additional quantities of gasoil 
feed stock may be derived from coking or viscosity 
breaking of heavy residual components of the crude 
which, if charged directly to a catalytic unit, would 
cause disproportionately large carbon deposition in 
comparison with the gasoline yield. Catalytic crack- 
ing units are capable of charging unvaporizable 
liquids as well as completely vaporized feed stocks. 
Single pass yields of 10 Ib. RVP gasolines usually 
vary from 40-50% depending upon the charging 
stock, catalyst, and other process variables. Recycling 
yields of 10 Ib. RVP gasoline may vary from 50-75% 
depending upon the aforementioned variables and 


the recycle ratio, 


Large Gulf Coast Refinery, including Atmospheric Distillation, Combination Thermal Cracking, Catalytic Cracking, 
and Thermal Polymerization Units. 
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Small capacity catalytic cracking units designed for 
thruputs ranging from 2000-6000 barrels per day are 
now available and afford the small refiner the oppor- 
tunity to market gasolines of competitive quality. 
Such units have considerable flexibility as regards 
recycle ratio and cracking severity, as illustrated by 
a recently designed unit now under construction 


72% oft 


which will produce 10 Ib. RVP gasoline hav- 
ing a clear ASTM octane of approximately 79. Cata- 
lytic cracking in general is characterized by high 
recoveries of liquid products with the absence of 
residual fuel oil production, high octane number 
gasolines, substantial yields of distillate suitable for 
home heating oil, simplicity of operation, and high 
on-stream efficiencies. 

Lummus has built twenty-eight catalytic cracking 
units designed to process a wide range of charging 
stocks for the production of high octane aviation or 
motor gasolines. Many of these catalytic cracking 
units are supplied with synthetic catalyst manu- 
factured in a plant designed and erected by The 


Lummus Company. 


Thermal Cracking 


Although catalytic cracking has become a major 
gasoline producer in many refineries, thermal crack- 
ing units of all types continue to play an important 
role in refining operations. Thermal cracking units 
designed to process stocks selected according to 
boiling range and refractivity produce the highest 
yield of high octane number gasoline. Lummus ther- 
mal cracking units incorporating heaters with a wide 
degree of firing control and with separate heating 
and soaking sections can easily accommodate the cat- 
alytic cycle stock and heavy reduced crude cracking 
requirements that have been brought about by the 
installation of catalytic cracking facilities. Lummus 
viscosity breaking plants are well adapted to process 
heavy residues to high yields of gasoline and low 
viscosity-low pour fuel oil through the use of vacuum 
reduction and cut-back of the asphaltic residue with 
light cycle stock. Lummus has designed and built 
sixteen thermal cracking units, most of which were 
three-coil and four-coil combination units with vis- 
breaking, gasoil cracking and reforming coils. The 
performance record of delivery time and on-stream 


initial operation were outstanding for these units. 
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GASOLINE MANUFACTURE (Cont'd) 





Polyforming 





While the commercial history of the polyform 





process antedates catalytic cracking, this process 





continues to have an important role in processing of 





light hydrocarbons, naphthas, and gasoils for the 





production of high quality motor gasolines. 





The polyform unit is a self-contained plant de- 





signed to process, in addition to the naphtha or gasoil 





charge, propane and propylene produced in the proc- 





ess and also butanes and butylenes, depending upon 





refinery vapor pressure requirements and other con- 





siderations, The charge to the plant may also include 





outside propanes and butanes. The fractionating sys- 






tem consists of high pressure fractionator, a stabilizer 





and an absorber which afford the means to supply 





the liquefied light hydrocarbon component of the 





furnace charge without requiring any compression or 





refrigeration. The presence of these light hydrocar- 





bons in the furnace charge makes possible substan- 






tially more severe temperature and pressure condi- 





tions than can otherwise be achieved with the result 





that substantially higher gasoline octanes can_ be 






obtained, At the same time the temperature and pres- 





sure conditions are such that substantially all pre- 





pane, propylene, butanes, and butylenes may be con- 











verted to gasoline. Propanes and butanes produced ; 
ir: the process may of course be supplemented with ' 
extraneous condensibles. The large circulation of 
light hydrocarbons through the system exerts a sta- J 
bilizing influence on the overall plant operation which 
contributes to the characteristic ease of operation 





obtained in these plants. 






Polyform gasolines are characterized by high re 






search octane numbers and exhibit excellent road 


1 rad ihe am es 






performance at all engine speeds. Naphtha polytorm 






units charging a wide variety of heavy naphthas with 





and without extraneous propanes and butanes achieve 






substantially higher yields of higher octane number 






gasoline than is possible in conventional reforming 






units operating in conjunction with @atalytic poly 






merization facilities. In general, naphtha polytormims 






affords a flexible means for adjusting plant octane 






number and vapor pressure requirements by means 






of its ability to simultaneously process extraneol 
number 





surplus butane-butylene and low octane 
naphthas. The polyform process is also well suited 


for the processing of refractory catalytic cycle stocks 





. - «oe 
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requiring more severe cracking conditions than can 
be obtained in conventional thermal cracking plants. 
10 lb. RVP motor gasoline yields ranging from 
40-80% have been obtained from virgin gasoils, while 
vields ranging from 50-70% may be obtained from 
catalytic cycle stocks with octane numbers ranging 
from 72-76 for the virgin stocks and somewhat 
higher for the catalytic cycle stocks. 

Lummus has built twelve polyform units having a 
total circulation of 300,000 barrels per day, varying 
in size from 8,000 to 60,000 barrels per day of total 


circulation. 


Polymerization Processes 


In the field of gas polymerization, thermal and cat- 
alytic units which convert condensible light hydro- 
carbons to high octane polymer gaosline are avail- 
able. The thermal polymerization process converts 
saturated as well as unsaturated hydrocarbons 
whereas the catalytic polymerization process poly- 
merizes only the propylene and butylenes. Thermal 
polymerization gasoline yields range from 55 to 70% 
by weight according to the ratio of propanes and 


utanes, the degree of saturation and the operating 


e" 


es 





conditions. Catalytic polymerization gasoline yields 
are substantially 100% by weight based upon the 
hydrocarbon disappearance, which amounts to more 
than 90% of the propylene and butylenes in the feed 
stock. 


Reduced Crude Processing 


The processing of reduced crude for the production 
of motor gasolines is largely dependent on the market 
demands for the various fuels. Thermal viscosity 
breaking, in conjunction with gasoil cracking, pro- 
duces high yields of gasoline and marketable heavy 
fuel oil and the substitution of coking for visbreaking 
further reduces heavy fuel oil production. Vacuum 
reduction and propane deasphalting with gasoil 
cracking are also used for the production of high 
yields of gasoline with low yields of heavy fuel oil. 
For the preparation of charge stocks for catalytic 
cracking units from heavy reduced crudes, the use 
of visbreaking, coking, vacuum flashing, and propane 
deasphalting must always be weighed from the point 
of view of carbon deposition on catalyst and life of 
catalyst. The processing of reduced crudes for lubri- 
cating oils is included in the section following. 


With increased use of higher speed, higher com- 
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Large Combination Atmospheric and Vacuum Distillation Unit. 
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LUBRICATING OILS AND WAX 7 


pression automotive engines, as well as higher speed 
industrial machinery, the demand for better quality 
lubricating oils has gone hand in hand. The increas- 
ing trend towards the use of solvent deasphalting, 
refining and dewaxing, which had started prior to the 
war and which was postponed for four years, is now 
re-establishing itself. 

A very popular lubricating oil processing system 
for maximum production of quality lubricating oils 
with minimum investment and operating costs, and 
maximum flexibility, includes vacuum distillation to 
low percent bottoms, propane deasphalting this mini- 
mum bottoms, single solvent refining the distillate 
cuts from the vacuum unit as well as the deasphalted 
oil, solvent dewaxing, and clay finishing of each of 
the blending stocks. Lummus has built a large num- 
ber of complete lube oil plants incorporating these 


processes. 


Vacuum Distillation 


\ recent Lummus complete lubricating oil plant 
included a two-stage vacuum unit for making raw 
distillate lube oil cuts which when solvent refined, 
dewaxed and clay finished, were suitable for blending 
directly into SAE grade lube oils. The features of 
this unit are the well fractionated cuts, low pressure 
drop in the towers, and the excellent color of the 
lube cuts. Lummus has built forty vacuum distilla- 
tion units for a wide variety of services throughout 


the world. 


Propane Deasphalting 


Propane ‘deasphalting for separating asphalt and 
resins from residual lubricating oil by precipitation 
in propane solution may be carried out in counter- 
current settlers or by the use of a counter-current 
extraction tower. Propane deasphalting makes pos- 
sible a higher yield of heavy lubricating oil from a 
reduced crude than is possible with vacuum distilla- 
tion. Aviation lubricating oils may be produced by 
this process in conjunction with single solvent refin- 


ing and solvent dewaxing processes. 
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Solvent Refining 


Single solvent refining for selectively removing the 
objectionable constituents from charge oil and there. 
by improving the viscosity index may be applied to 
a wide range of stocks from very paraffinic through 
mixed base to extremely naphthenic materials. Single 
solvent refining units show the advantage of selective 
refining by ability to vary the solvent dose for the 
different raw vacuum distillate and deasphalted cuts 
Lummus has built and has under construction 
twenty-two lube oil solvent refining plants with a 
total charge oil capacity of about 55,000 barrels per 
day and thruputs ranging from 350 to 8,000 barrels 


per day. 


Solvent Dewaxing 


Solvent dewaxing for removing wax constituents 
from lubricating oil stocks has been widely accepted 
for the production of specification low pour oils. 
While this process was well established before the 
war, many refinements such as stepwise injection of 
solvent with an attendant reduction in overall solvent 
requirement and continuous deoiling for wax pro- 
duction have been added. Some advantages of the 
process are the narrow spread in temperature be- 
tween filtering temperature and pour of pressed oil 
as well as between the cloud and pour points. The 
process operates successfully on all types of wax) 
oils, either raw or solvent refined, over the entire 
range from spindle oils through cylinder stocks, and 
from low melting crystalline waxes to high melting 
point micro-crystalline waxes. Lummus jobs include 
thirty solvent dewaxing plants ranging in capacit) 
from 400 to 6,000 barrels per day and with a total oil 


charge in excess of 55,000 barrels per day. 


Emulsion Deoiling of Wax 


The emulsion deoiling process for the reduction ot 
high oil content slack wax (40-50%) in one-pass oper 
ation to 15% and in two-pass operation to 5% is 
finding application in the production of crystalline 
waxes. This partially deoiled wax is then charged 
to a conventional sweater thereby increasing the wax 
production capacity of this plant. Installations rang 
in capacity from 200 to 2,500 barrels per day at 


have all been built by Lummus,, 
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PETROLEUM CHEMICAL PLANTS 


With the realization of the possibilities of petro- 
icum as a cheap source material for the manufacture 
{ many chemical products, the petroleum and chem- 
ical industries have joint interests. Petroleum is now 
employed in the production of many chemical prod- 


‘+h as styrene, butadiene, phenol, toluol, alco- 


ucts SU 
hols, acetic acid, ketones, esters, resins, plastics, and 
solvents. In some instances the petroleum industry 


as gone into the manufacture of many of these 
hemicals, and substantial petroleum chemical manu- 
acturing enterprises have been developed. In other 
situations the chemical industry has located large 
hemical manufacturing establishments convenient to 
il refineries with which contracts have been nego- 
tiated for the supply of petroleum raw materials. 
The development of petroleum as a source material 
r chemicals manufacture is accompanied by the de- 
velopment of new large scale manufacturing tech- 
nique, This results in low overall manufacturing costs 
ind therefore lower prices to the consumer. Although 
date a substantial petroleum chemical industry 
has already been developed, this industry is on the 
threshold of further expansion, and excellent oppor- 
await refiners and chemical 


tunities progressive 


manufacturers. 


Typical of such operations is the manufacture of 
ethylene for use as an intermediate in the production 
of chemicals and plastics. Ethylene, and by-product 
propylene if desired, may be economically produced 
in large volumes by the pyrolysis of propane, ethane, 
and gasoils or reduced crudes. Lummus has designed 
four plants for the production of ethylene from pctro- 
leum having a total output of nearly half a million 
pounds per day. 

The Lummus Company with a broad background 
of experience in the design, engineering and con- 
struction of chemical plants, petroleum refineries, 
and petroleum chemical plants is available for the 
development of projects for the production of raw 
materials from petroleum sources and the’ planning 
of process units for the manufacture of specific 
chemicals, 

The three 50,000 ton butadiene plants built by 
Lummus have already demonstrated. capacities in 
excess of 150%. Recoveries and purity of product 
have exceeded design expectations. These plants are 
capable of making low cost butadiene equivalent to 


15 to 60 million passenger car tires per year. 





High Octane Aviation Gasoline Plant. 
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LABORATORY AND PILOT PLANT FACILITIES 


The laboratories located in Bayonne, 


New Jersey, are well equipped with analytical, pilot 


Lummus 


plant and shop facilities and are staffed with experi- 
enced personnel for conducting all types of process 
investigation, 

Complete analytical and small scale distillation 
facilities are available for crude oil, reduced crude oil 
and intermediate and finished product evaluations. 
The laboratory actively operates twenty continuous 
distillation systems, the largest capable of 5,000 gal- 
lons per day for atmospheric topping of crude oil, or 
2,000 gallons per day for vacuum fractionation of 
reduced crude oils, and sixteen batch fractionation 
systems ranging from 25 litre capacity to a unique 
still capable of analyzing 1 cc. 

The laboratory is equipped to establish funda- 
mental design data for vacuum reduction, visbreak- 
ing, coking and propane deasphalting, all used for the 
production of cracking plant charge stocks. 

Complete pilot plants are in constant use for full 
scale study of the manufacture of the entire range 
of lubricating oils. These include continuous units for 
atmospheric and vacuum distillation, propane de- 
asphalting, furfural and phenol refining, solvent de- 
waxing and clay finishing. These pilot plants estab- 


lish the yields, product quality and the design data 


Continuous MEK Dewaxing Pilot Plant. 
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required for the design, construction and operatio; 
of full scale commercial plants. 

The size of these pilot plants facilitates the prepa. 
ration of large samples of raw, semi-processed an 
finished lubes for complete evaluation of commercial 
lube oil characteristics and full scale engine tests 


Lummus laboratories have conducted over the past 


half century extensive development work for thel 
chemical process industries for such products asf 
alcohols, acids and esters. More recently, Lummusf 
has projected for the petroleum chemicals industry§ 
pilot plant work for such products as styrene, buta-ff 
diene, phenol, toluene, resins, plastics and solventsil 
into full scale commercial production. } 


A large proportion of the laboratory equipment isff 
fabricated in the laboratory’s own shop at Bayonne 
This permits an opportunity for prompt translatior 
of the process needs into semi-plant apparatus. The 


translation of semi-plant to commercial scale opera 


CE nil 


tions is facilitated by the employment of Lummus 
plant operators on the pilot plant equipment. A com- 
petent mechanical crew is constantly engaged in the 


building of new pilot scale equipment and in tts 





modification and maintenance. 


To amplify its petroleum services, Lummus has 


—— 


the active cooperation of licensor laboratories. / 





THE LUMMUS COMPANY 
420 Lexington Avenue, New York 17, N. Y. 


I if; lotb-Rost, Biber il 


CHICAGO—600 South Michigan Avenue, Chicago §, III. 
HOUSTON—Mellie Esperson Bidg., Houston 2, Texas 
LONDON—S525 Oxford Street, London, W. 1, England 
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Foreword 


As THE oil industry has grown in size and complexity the single 
batch distillation process on which it was founded has been superceded 
by highly developed and specialized processes which perform the variety 
of separations and conversions necessary in today’s refinery, natural 
gasoline, and petrochemical plant operations. Each improvement in 
product quality and each new product is usually either the direct cause 
or result of some development in processing methods. 


“Petroleum Refiner” in this issue presents flow diagrams and descrip- 
tions for ninety processes of current importance. The processes shown 
serve a variety of manufacturing purposes in refining, natural gasoline, 
and petrochemical plants. While feed stocks, products, operating condi- 
tions, and equipment arrangements are almost endlessly variable, it may 
be surprising to some to note how uniform are the requirements of proc- 
esses in regard to the equipment components from which they are assem- 
bled. The fact is that equipment design for the process industries has 
reached a high level of development and standardization, and has greatly 
contributed to the ease with which process designers can assemble their 
latest process schemes into workable commercial units. 


Licensors of processes have cooperated in supplying the diagrams, 
process explanations, and data presented here, and the editors of ‘Petro- 
leum Refiner’’ are deeply grateful to the personnel of these organizations 
for their valued assistance in this compilation. In numerous instances the 
licensors have prepared new diagrams and descriptions of processes 
which have previously been treated by ‘Petroleum Refiner,’’ in order that 
additional data on typical operating conditions of temperature, pressure, 
and flow could be included. To these groups our especial thanks are 
extended. 


In the September and October, 1947, issues of “Petroleum Refiner”’ 
there appeared brief articles concerning the use of box symbols for the 
recording of data on process flow diagrams. As explained in these art- 
icles, one box shape is used for temperature data, another for pressure 
data, others for flow quantities, and so on. It was suggested that a set of 
these symbols be adopted as an industry standard, because of the ob- 
vious advantages they offer in recording operating data and in showing 
a large amount of information on complex flow diagrams while still pre- 
serving readability. 


Licensors were invited to supply flow diagrams marked thus with a 
typical set of operating conditions for their processes, and in many 
instances were pleased to comply. The response was not unanimous as 
some licensors considered the operating conditions of their processes too 
variable for adequate representation by a single set of “typical” data, or 
could not spare time from current work for the necessary preparation of 
material, or considered the major interest in their processes to be in over- 
all results rather than details of operating conditions. A substantial per- 
centage of the licensors, however, did elect to supply this additional data. 
It is the conviction of the editors that it will prove of high interest to de- 
signers, operators, and the process division of the industry in general. 
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Oil Distillation Processes 


Dismation forms the process backbone of the refining, natural 
gasoline, and petrochemical industry. The extensive development of 
catalytic conversion processes and of chemical manufacturing processes 
within the past decade has tended to obscure the importance of basic 
distillation processes and equipment. This is not a new situation. Earlier, 
the intense preoccupation of refiners with thermal cracking processes was 
such that even the cracking units often suffered in performance because of 
inadequate fractionation capabilities. 


The prime importance of distillation is more readily apparent when 
it is recognized that nearly all processes require distillation for the separa- 
tion of products, and that many require distillation for the preparation of 
feed stocks. It has been estimated that distillation facilities account for 
more than 60 percent of the capital investment in process plants. 


Essential applications of distillation used by the process division of 
the oil industry include the atmospheric and vacuum distillation of crude 
oil for the production of straight run products, cracking unit charge stocks, 
and lubricants, the stabilization of naphthas, the fractionation of gases 
and light hydrocarbons, the separation of absorbed materials from lean 
oils, the separation of reaction products from recycle in conversion proc- 
esses, and the separation of solvents from preducts in solvent treating and 
dewaxing processes. 


Batch distillation methods used in early refineries have long since 
been replaced by modern continuous distillation processes utilizing 
bubble towers and pipestills. The batch process, involves a cycle of 
charge, run, and cleanout which is not adaptable to the efficient manu- 
facture of large volumes of sharply separated products. Shell stills were 
installed in batteries to achieve the first continuous distillation processes. 
A considerable number of such units are still in use. The general adoption 
of the plate bubble tower and the development of the pipestill heater 
gave refiners a combination of equipment especially suited to the needs 
of the industry and culminated in the present distillation unit designs. 


In the case of distillation units for light hydrocarbons, feed and 
products normally consist of a relatively small number of pure components 
and separations are measured in terms of the percentages of contaminating 
component left in the product streams. With heavier oils the number of 
components present is far too large and their identity too uncertain to 
permit such theoretical treatment. Instead, empirical methods of calcula- 
tion are used and product separation is evaluated in terms of boiling range. 


The atmospheric distillation of crude oil is by far the most important 
of the heavy oil distillation processes, both in respect to its basic relation- 
ship to all subsequent refinery processing and with respect to the total 
number of thruput of installations. Some important petroleum products 
require little processing other than distillation. Kerosines and diesel fuels 
are typical examples. At one time the bulk of gasoline manufactured was 
a straight run product separated from crude oil by simple distillation. Even 
though present day gasolines incorporate high percentages of cracked 
naphthas and perhaps polymer or alkylate stocks to meet anti-knock 
requirements, there is still a sizeable amount of straight run gasoline 
blended into motor fuels. Light hydrocarbons distilled from crude oils 
constitute an important material for the manufacture of medium grade 
aviation fuels. Vacuum distillation is extensively used in the rerunning 
of treated naphthas and lube oils, and is commercially important for use 
in producing straight reduced asphalts and road oils. 
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Crude Oil Distillation 


Process—Single Stage 





E cohe oil distillation is the fundamental separa- 
tion process on which all subsequent refinery process 
steps are dependent. In numerous instances fractions 
of petroleum separated in simple distillation appa- 
ratus are marketed with little additional processing 
except possibly mild chemical finishing treatment. 
Fractions not directly marketed after separation still 
require such division as a prerequisite to further proc- 
essing. Many small but quite successful refineries 
have a “topping” or a “skimming” unit as their prin- 
cipal process equipment. 

The simplest and most widely used continuous 
crude oil distillation process employs a single bubble 
tower which is usually operated at or slightly above 
atmospheric pressure, and a pipe coil heater. More 
complex process units with two or more fractionating 
towers and heaters are used to effect savings in 
operating costs, to allow the vacuum distillation of 
reduced crudes, the removal of hydrogen sulfide 
along with light gasolines, and for various other 
sound purposes. 

In a typical “topping” operation, shown on the ac- 
companying diagram, crude oil is pumped first 
through heat exchange against products and reflux 
system streams and then through a direct fired pipe 
coil heater. Sufficient heat is added in the furnace to 
vaporize all distillate products and give a slight 
“overflash” at tower pressure to assure the presence 
of reflux liquid on the trays immediately above the 
flash zone. If these trays run dry sharpness of sepa- 
ration between bottoms and first sidestream prod- 
ucts will suffer. 

Gasoline produced overhead as a vapor is con- 
densed for storage and to provide reflux liquid for 
top tower temperature control purposes. The tem- 
perature is controlled on the top tray to set the end 
point of the gasoline overhead product. 

Other distillate products are withdrawn from the 
tower as liquids at appropriate tray levels. In these 
cases a tray is selected whose temperature will result 
in the desired initial boiling point for the product. The 
end point of a sidestream product is largely deter- 
mined by the choice of initial boiling point of the 
next heavier product fraction, and also by the frac- 
tionating ability of the tower in question, Reduced 
crude is withdrawn as a residual bottoms product. 

Products withdrawn as sidestreams or bottoms 
leave the tower in equilibrium state with lighter 
hydrocarbon materials which must be removed, or 
“stripped out” before flash and fire tests can be satis- 
factorily met. In general, bubble plate stripping tow- 
ers are used for this purpose with steam as the strip- 
ping medium. Where especially thorough stripping 
is necessary, or where it is desired not to let water 
enter the fractionating equipment, reboilers may be 
substituted for steam in the strippers as a source of 
“boil-up” vapors. 

The controlling design factor in the usual single 
tower topping plant is the percentage of the crude 
oil charge which can be vaporized for the production 
of distillate products. 

Where maximum production of distillate is re- 
quired, the degree of thermal decomposition that can 
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be tolerated serves to limit the tower flash zone tem- 
perature. This usually sets the flash zone temperature 
in the range between 700° F. and 800° F. If kerosine, 
lubricating oils, or other sensitive stocks are proe- 
essed 700° F, may be a maximum or excessive 
temperature, while other stocks may not be seriously 
damaged by temperatures that approach or even 
exceed 800° F. Lower total tower pressure is de- 
sirable to assist in flash zone vaporization, Since total 
pressure is largely composed of pressure losses be- 
tween an atmospheric reflux drum and the flash zone, 
normally slight reduction can be made unless the 
tower, condenser, or piping is seriously undersized, 
The effect of lower tower pressure can be obtained 
by injecting steam to reduce the partial pressure of 
the hydrocarbons. Steam used for stripping tower 
bottoms passes through the flash zone and _ also 
assists in this manner. In general a minimum produe- 
tion of reduced crude is economically desirable. 

Usual practice with towers of small and medium sizes 
is to handle the total tower reflux duty with gasoline 
product condensed overhead and pumped back to the 
tower top tray. An alternate method which some- 
times saves in equipment investment utilizes a reflux 
condenser at dew point conditions in the overhead 
vapor stream. A second vapor condenser with lower 
outlet temperature for overhead product total con- 
densation, and separate accumulators for both re 
flux and product are employed. This scheme results 
in high MTD’s for the reflux condenser, which may 
have a duty several times the product condenser 
duty, so that condenser surface area savings may be 
more than sufficient to pay for the additional drum 
and for a pump which may be required for gasoline 
product movement. Another popular alternate for 
providing tower reflux uses two or more trays at the 
top of the tower for heat exchange purposes. A liquid 
stream is withdrawn from the lower tray of this 
exchanger section and pumped back through a cooler 
to the tower top tray. Gasoline product is condensed 
overhead. In large installations this scheme simpli 
fies the overhead vapor piping and vapor condensef. 
3ecause of more favorable mean temperature differ- 
ence in the reflux cooler, savings may be made im 
total surface requirements. 

Where the overhead product is small compared to 
the distillate products, the ratio of internal towef 
reflux liquid to overhead product may be needlessly 
high for fractionation requirements, if all the towef 
reflux is introduced at the top tray. If just sufficient 
reflux is introduced to the tower top to supply frat 
tionation requirements on internal reflux ratio, then 
an intermediate circulating reflux stream can be 
veithdrawn, cooled, and returned to remove reflux 
heat from a lower section of the tower. This arrange 
ment removes the reflux heat from the tower at 4 
higher temperature level and so offers better oppor 
tunity for heat recovery by exchange against crude 
oil feed. Trays above the point of intermediate reflux 
introduction to a tower handle correspondingly less 
volume of internal reflux liquid and vapor. It is oftem 
possible to reduce the tower diameter for this upper 
section. 


Petroleum Refiner—V ol. 27, No. 92 





Se 





» tem- 
rature 
osine, 
proc- 
essive 
1ously 
even 
is de- 
» total 
»s be- 
zone, 
s the 
sized, 
ained 
ire of 
tower 
also 
-odue- 
le. 
1 sizes 
isoline 
to the 
some- 
reflux 
-rhead 
lower 
| con- 
h re 
esults 
1 may 
lenser 
ay be 
drum 
soline 
e for 
at the 
liquid 
f this 
cooler 






































PROCESS—SINGLE STAGE 
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MASONEILAN 
Cinta flies 


Masoneilan Control Valves are available for every usual application. .. Steam, 
water, oil, gas or chemicals. These outstanding valves are built to exacting 
Masoneilan standards to assure dependable performance under all operating 
conditions. Field-tested, job- proved, these control valves are demonstrating 





their ability to perform in hundreds of installations throughout the world. 
Almost daily, users report that Masoneilan Control Valves give years of 


continuous service with minimum maintenance. 


Masoneilan Control Valves are available in a wide range of types and sizes 
from 1%" orifice and up. Call our nearest office for complete details. 


7400 Control Valve Positioner 
Accurately Positions Valve Plug 


For use with diaphragm control valves or diaphragm 
motors — direct or reverse super-structure. For split 
range operation and motion transmission. Positions the 
valve plug in exact proportion to changes in controller 
output pressure. Simple and easy to install. Rugged, 





weatherproof case. 
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No. 717B-6A 
Sizes: 2” to 6” 
Also available with 
expanded outlet 





Parabolic 
Sizes: 1” to 6” 


MASON-NEILAN — 
REGULATOR COMPANY 
1182 Adams Street, Boston 24, Mass. 


Sales Offices or Distributors in the Following Cities— NewYork + Buffalo 
Chicago + St.Louis + Philadelphia - Houston - Pittsburgh ~ Cleveland 
Tulsa + Atlanta +. Denver + Cincinnati + Los Angeles + San Francisco 

Mason Regulator Co. of Canada, Ltd., Montreal and Toronto 
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Crude Oil Distillation Process—Dual-Flo 





BORN ENGINEERING COMPANY 


‘Fan refiner is often faced with the problem of 
processing crude oils differing widely in properties 
and producing products differing considerably in 
specifications. Some refineries have attempted to 
solve this problem by “batching” the crude, that is, 
running one type of crude for a period and then fol- 
lowing it with another type. However, this necessi- 
tates considerable adjustment of furnace temperature 
and tower conditions, and results in costly delays. 

The Born Dual-Flo crude distillation unit proc- 
esses two crude oils separately and simultaneously. 
By this method, the refiner can process two crude 
oils of entirely different specifications simultaneously 
and yet take advantage of getting the maximum 
yield of specification product, plus operating econ- 
omy and flexibility. 

As an example, a refiner has two types of crude oil, 
one producing straight-run gasoline with a _ high 
octane rating suitable for aviation base stock and 
another crude with a low octane straight-run gaso- 
line. If these crudes were blended and distilled in a 
single operation, it would not -permit the refiner to 
realize the advantage of the higher octane product. 
Another example of the utility of the Dual-Flo unit 
is when the refiner has both paraffin base and asphalt 
base crude oils and is desirous of producing both 
lubricating oils and asphaltic products. By using this 
unit the various products could be separately ob- 
tained at the same time. 

The attached flow diagram illustrates the general 
arrangement of the unit. The following results taken 
from a commercial operation of one of these units 
illustrates the processing: 

“Charge A, a mixed crude having an average gravity 
of 35° API, 0.7 percent sulfur and 125-130 pounds of 
salt per 1000 barrels of crude is processed at the rate 
of 2500 barrels per day. Salt is taken out at around 
200° F. and 250 psi in the settler. The overhead from 
this crude, a gasoline having an octane value of ap- 
proximately 55, is used for blending to motor fuel. 
Other yields include the side cuts of tractor distillate, 
light and heavy gas oils and bottoms. 

“A Cromwell-sand crude is used for Charge B 
which averages about 30.5° API gravity and con- 
tains approximately 200 pounds of salt per 1000 bar- 
rels and 0.02 percent sulfur. The charging rate for 
the Cromwell-sand crude is 2500 barrels per day. 






Gasoline from this charge stock has an octane rating 
of from 72 to 73 and when blended with 3 c.c. of lead 
produces a 90-91-octane fuel. Stoddard naphtha, kero- 
sine and the residual product comprise the other 
vields from this section of the unit. 


“Residual yields from both sections are mixed for 
a cracking stock. By combining the tractor distillate 
and the intermediate cuts a 350°-540° F. boiling 
range butadiene adsorption stock is obtained. Flexi- 
bility of the unit is illustrated i an operation when 
one section was rerunning pressure-distillate for an 
80-octane all-purpose gasoline at the same time crude 
was being processed to yield an overhead naphtha.” 

Centralization of control and other facilities com- 
mon to both sections of the unit contribute to opera- 
tional convenience and present a balanced plant lay- 
out. The Born Dual-Flo Heater has two combustion 
chambers and a single gas-duct system. The furnaces 
have floor-fired burners, giving close control and 
uniform heat distribution. Both heater coils pass 
from a common convection zone into their respective 
locations in the separate combustion chambers. Heat- 
ing-coil temperatures are controlled automatically. 
Because each section of the heater coil is equipped 
with a temperature controller, the amount of heat to 
separate coil systems may be varied independently 
when desired. 

Maximum flexibility of operation is accomplished 
by arranging the process piping so that the frac 
tionators and the other equipment in either section 
of the process may be cut in or cut out as desired 
when running the unit on the different charges 
which are to be processed. 

While the flow diagram shows the processing of 
two crude oils of different characteristics simultane 
ously, the same process can be applied to simultane- 
ously heating and fractionating two products of 
entirely different nature, such as pressure distillate 
and crude oil, or distillates and naphtha. This process 
is especially adaptable to simultaneously heating 
two materials in which the yields and/or quantities 
are interdependent on each other. 

The flow diagram on the opposite page as well as 
this description of the process were provided by 
Born Engineering Company, Tulsa, Oklahoma, de 
signer of the unit. 
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CRUDE OIL DISTILLATION PROCESS—DUAL-FLO 








Ten circular gratings like this were made by B&W to Alloy Air Headers for a catalytic cracking kiln. Cast by 
tolerances of -+- % inch on straightness, + ‘2 inch on B&W and assembled by welding, they have higher 
length and + 1/16 inch on depth of grooves. Each had allowable stress ct elevated temperatures, better oxida- 
twenty 7-foot, 575-lb. sections cast from 25% Cr tion resistance, smaller and lighter sections, longer life; 
12% Ni alloy. cost less than fabricated headers replaced. 


CAST to 


in high-temperature service 


Vital to many different kinds of refinery equipment, B&W Alloy 
Castings are demonstrating outstanding ability to resist abrasion, 
corrosion and oxidation, and to retain great strength at elevated 


temperatures. 


Operating in about every kind of tough service, they are helping to keep 
production up by reducing costly, time-consuming repairs and replace- 
ments. Their long-life characteristics have been proved over and over in 
service temperatures up to 2000 F, and under conditions requiring high 


creep strength, consistent with long-term stability. 
} = o y 


From its own modern foundries, B&W can supply alloy castings in prac- 


tically any weight and shape required, and from a wide range of analyses. 





BABCOCK 
« WILCOX 
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Crude Oil Distillation Process—Two-Stage 





THE LUMMUS COMPANY 


Dinars two-stage distillation units for the pro- 
duction of light gasoline, close-cut solvent naphthas, 
kerosine, cracking stock and fuel oil are in wide use 
and have excellent performance records. In these 
units (see flow sheet opposite) the two stages of 
distillation are both carried out at substantially 
atmospheric pressure with the temperature in the 
first stage being low enough to avoid the discolora- 
tion of kerosine. The temperature of the second stage 
is maintained at the lower limit of the cracking range 
to facilitate production of maximum yield of cracking 
stock. 

The primary flashing of crude is accomplished 
through heat recovered by heat exchangers plus heat 
supplied by a coil including the convection bank and 
one radiant bank of a double-chamber Lummus oil 
heater. The products removed in the first stage in- 
clude rubber solvent, varnish makers’ and painters’ 
naphtha, Stoddard solvent and kerosine. In order to 
have good operating control of the initial boiling 
point of rubber solvent, this product is condensed 
hot and partially weathered. The separation between 
rubber solvent and V.M.&P. naphtha can be easily 
obtained by efficient fractionation and without the 
use of any appreciable quantity of stripping steam. 
The separation between V.M.&P. naphtha and Stod- 
dard solvent requires better fractionation than the 
foregoing separation, and since this latter is between 
the first and second side streams, reboiling of Stod- 
dard solvent is employed. The separation between 
Stoddard solvent and kerosine is readily accomplished 


with a small amount of steam stripping applied to 
the kerosine stream. 

For crude oils of the type for which this design is 
most applicable, the recoverable distillates between 
kerosine and fuel oil residue have no great value other 
than as cracking stock. For this reason, the secondary 
flashing operation is designed to recover a bulk dis- 
tillate as an overhead product with the production of 
a minimum percentage of fuel oil as residue. Heat for 
the secondary flashing operation is supplied in the 
second radiant chamber of the double-chamber heater, 

A feature of this plant design is the use of a partial 
condenser on the bulk distillate from the second 
flashing operation which is cooled by exchange with 
partially preheated crude. The temperature of the 
crude used as a cooling medium in this unit is closely 
controlled so that there is no possibility of obtaining 
tube-wall temperatures low enough to allow con- 
densation of steam vapors passing through this con- 
denser. Oil vapors are almost completely condensed 
and are separated from the uncondensed steam and 
residual oil vapors. Condensation of the resulting 
vapor mixture is accomplished in a spray or shower 
type condenser by direct contact with water. By the 
use of such a system the effect of corrosion resulting 
from mild cracking in the second heating operation 
is concentrated at one point, the direct-contact con- 
denser. Because of the simplicity of design of this 
condenser, the cost of construction using corrosion- 
resistant materials is not appreciably greater than 
that for normal construction. Addition of neutralizing 
agents at this point can be done easily if desirable. 
Separation of water and condensate from this direct- 
contact condenser is carried out in a separating tank. 
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Serving the Refinery Industry 


" 


For. combination. high pe 
sures and high tempera 
requiring mechanical je 
providing streamline flow 
and single tube removol, 


For combination high 
pressures and high 
temperotures with 
rolled joints, providing 
streamline flow, single 
tube removal, ond 
extended life with eco- 
nomical reconditioning. 


omeFor temperatures up to 1200°—pres- 
™ sures up to 2000 Ibs. Offers uniform 
distribution of installation stresses. Pro- 
vides low maintenance, longer life. 
lower cost, greater safety. 


Engineers @e Metallurgists e Machinists 
Steel Founders e@ Fabricators 





i ) of temperatures and pressures, 


whatever your process —Key engineers the 


"right type of fitting for you. 
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ing | 
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1. Key Fittings are the result of years of 
pioneering and field service. 

2. Key Fittings are meticulously engineered 
and ‘‘tailor-made.”’ 

. All materials are processed under the most 
accurate control —all parts manufactured 
with great precision and care and thor- 
oughly inspected at each step. 

. All parts and assemblies conform to high 
quality specifications. 

5. All fittings are hydrostatically tested. 


» After manufacturing and delivery — Key’s 


work for you has just begun. Key “‘lives’’ with 
your fittings until retirement: Key offers 


Supervision on installation — maintenance 
Sassistance — 


Nyears of service. 


even reconditions fittings after 


The result: Longer span-of-life for Key Fit- 
tings, minimum maintenance costs, less down 
time at shut-down periods, complete satisfac- 
tion in“@peration — wear — service — dollars 
and cents. 


Write, Wire or Phone for Complete Details 


i ferent types of oil refinery fittings 
seal of the intricate shapes, types and 


le 


din the Key plant. 


“ 


steam jacket of 
cated constr 
many new f 
ation service= 
Ibs. p.s.i. 


Bak 


fds and hairpins 
Fequiremefits for 


Specially designed pilot plant coil 
incorporating flanged U-Bend 


with many removable features for 
specific conditions. Hydrogenation 
service—900° F. at 5000 Ibs. p.s.i. 


HOME OFFICE: 


2696 McCasland Ave. 
E. ST. LOUIS, ILL. 








Crude Oil Distillation 
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Process—Three Stage 





E. B. BADGER & SONS COMPANY 


Scsions usually are distilled under substantially 
atmospheric pressure for the removal of straight-run 
products through kerosine and light gasoil, and the 
reduced crude is then subjected to further distillation 
under vacuum for the removal of lubricating-oil frac- 
tions and the production of a heavy residuum or as- 
phalt. These operations may on occasion be preceded 
by a flashing operation under mild pressure to recover 
light gasoline and to condition the crude for further 
processing. 

The flow diagram on the opposite page illustrates 
a three-stage distillation unit designed and con- 
structed by E. B. Badger & Sons Company, similar 
in general concept to the majority of modern Badger- 
built crude distillation units, and incorporating these 
three operations. Three-stage crude distillation when 
applied to light and medium crudes offers increased 
flexibility of operation; a means of combatting corro- 
sion due to sulfur, salt and water, thereby resulting 
in greater on-stream efficiency; maximum yield of 
specification products; and improved control of frac- 
tionation. 

In the first column, which usually operates at 25 
to 75 psig, light gasoline is recovered overhead, and 
water and hydrogen sulfide are eliminated from the 
flashed crude. The advantages obtained in removing 
a light-gasoline cut in this manner before under- 
taking the fractionation of the intermediate cuts are 
as follows: 

The wet crude charge is preheated in tubular ex- 
changers at a low temperature level, minimizing cor- 
rosion difficulties from salt, water, and hydrogen 
sulfide. It is effectively dehydrated by flashing and 
stripping in the primary tower. This stripping is ac- 
complished by reboiling the primary tower bottoms 
in a fired heater. Since no steam is employed for 
stripping, very-low-boiling products can be recovered 
overhead without danger of condensing water in the 
tower, thus minimizing corrosion from this source. 
Controlled amounts of light hydrocarbons can be 
kept in solution in the light overhead cut by operat- 
ing at suitable pressures, whereas, it is impracticable 
to do this in the main tower at atmospheric pressure. 
The control of separation between the gas and light 
gasoline and the light naphtha can be accomplished 
separately and therefore more effectively. Further- 
more, a properly conditioned and dried oil is obtained 
for charging to the fired heater, thus overcoming 


difficulties due to salt deposition in the heater tubes. 
Additionally, the top section and condensing equip- 
ment in the atmospheric tower can be designed to 
take advantage of the elimination of the corrosive 
agents in the primary tower. 

The secondary tower operates at substantially 
atmospheric pressure and is designed to remove light 
naphtha overhead, a heavy naphtha fraction and 
kerosine and gasoil as side streams. Steam is used 
for stripping the side streams and bottoms, but since 
the light gasoline is removed in the primary tower, 
the temperature level is sufficiently high to prevent 
condensation of water on the upper trays. The heat 
requirements for the atmospheric tower are provided 
by the same heater used for reboiling the primary 
tower bottoms. 

In larger units or in special cases it becomes eco- 
nomical to provide two fired heaters, instead of one 
as shown in the diagram, for the first two stages. 
One heater circulates primary bottoms for reboiling 
and the other serves as a preheater for the secondary 
tower. Condensers can be the submerged-coil tvpe as 
indicated for this unit or multitubular or direct- 
contact type according to conditions. 

The vacuum tower produces a heavy gasoil over- 
head, light and heavy neutral and cylinder stock as 
side streams, and a heavy residuum as a_ bottoms 
product. As indicated the flow diagram, the 
vacuum condensers have been mounted in the top of 
the tower although they may be supported above and 
outside the tower. In smaller units where the vapor 
lines are of moderate size, the condensers may be 
placed at a lower level for convenience. Pumps gen- 
erally are used for removing vacuum distillates from 
the system, but in some instances where pumps are 


on 


subject to severe corrosion such as by naphthenie 
acids in the distillate, steam lifts and barometric legs 
are used. 

The character of the heat-exchange system is dit 
tated by the nature of the stocks handled, and eco 
nomical heat recovery varies greatly with each unit. 
Alternate paths of flow usually are provided for 
different operations. 

Badger crude distillation units are designed for 
ease and smoothness of operation, minimum produet 
loss while changing charge stocks, high stream effi- 
ciencies, and minimum down-town during unit tur 
arounds. 
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CUTS THE COST OF COMBATTING CORROSION - 


COMBINES C MONEY-SAVING ADVANTAGES 


AS 


The advantages listed at the right explain 
why B&W Croloy-Clad Plate has gained wide 
acceptance for fabricating process equipment 
requiring corrosion-, heat-, and oxidation- 
resistance surfaces; and protection against 
product contamination. It has proved to be 
the most economical solution to many diver- 
sified problems in refineries and chemical 
plants, calling for protection against de- 
structive conditions. 

Croloy-Clad Plate is produced by an ex- 
clusive B&W process which bonds a corro- 
sion-resistant alloy cladding to a base metal. 
Newest machine for producing Croloy-Clad 
Plate is partially shown above. It represents 
an important advance in the art of seam- 
welding “clad” steels for fabrication into 
cost-saving process equipment. 

Send for new booklet describing this ver- 
satile economical material. 


CsG\ 
a 


@ Alloy cladding is bonded to base metal with resistance 


welds. 


@ Bond offers high resistance to failure due to repeated 


heating and cooling. 
Corrosion-resistant lining of known thickness is provided 


over full surface area. 
Layer construction of cladding permits variation in thick- 


ness for specific requirements. 
Full corrosion resistance of lining retained by heat 


treatment. 
No interface carbon migration occurs between base metal 


and Croloy lining. 

High strength of bond permits the welding of trays, sup- 
ports, and other internal fittings directly to the Croloy 
lining. 

Croloy-Clad Plate fabricates as easily as plain steels, and 


without special precautions. 
You pay no premium for the advantages of Croloy-Clad 


BABCOCK | 
« WILCOX 





a Witco 
= — “BERTY sy Ew aie a 
‘0 *OERTON.O; augue, cee 
’ TA,Ga 


a 4 
Petroleum Refiner—V ol. 27, No. 9. 











































Thermal Conversion Processes 


The thermal conversion of petroleum fractions of low market value to 
other more salable products has been practiced since the early days of 
the industry. Operators of batch distillation apparatus discovered that 
prolonged heating of the heavier fractions of their charges resulted in the 
evolution of lighter decomposition products, and that the yield of desirable 
kerosene boiling range material could thus be increased. The technique 
was later extended to increase gasoline production. 


Growing domestic demand for motor fuel was intensified by the military 
requirements of the first World War, and cracking processes gained in 
importance. The batch process was modified to semi-continuous operation. 
Various arrangements of tubes were added to fired shell stills to improve 
heat transfer characteristics, and finally the pipe still heater, developed for 
use with distillation units, was applied to thermal cracking operations, per- 
mitting continuous operation. A tremendous number of thermal cracking 
schemes were devised, and patented, and many were tried briefly in com- 
mercial installations. Only a few have survived. 


Variations of the basic thermal cracking process have been developed to 
serve a number of useful functions. Early processes were liquid phase, but 
rising demand for anti-knock properties in gasoline favored the develop- 
ment of several vapor phase processes, somewhat more expensive in in- 
stallation and operation. Thermal reforming of straight run naphthas to 
improve octane ratings has become common practice in the industry. The 
production of polymer gasoline from refinery gases through thermal con- 
version is practiced commercially, and various arrangements for heating 
gases in conjunction with naphthas and gasoils to give high yields of high 
quality gasoline constitute an important group of processes. 





RE SS 

The large scale installation of catalytic cracking process plants in recent 
, years has to a considerable degree supplanted thermal cracking as the 
er principal conversion process for making gasoline. The catalytic units are 
4 much more expensive, however, and many of the small refiners have not 
ape adopted them even though great improvement in gasoline quality and 
, : yield can be thus obtained. In addition to this continued use of thermal 
rovided : cracking by the smaller refiners, one new application is the direct out- 
— : growth of catalytic cracking operations. Considerable yields of refractory 
in thick: , gasoil stocks are produced in catalytic cracking which are unsuitable for 
F recycling because high coke production would result. This material can be 
by heat \ thermally cracked to give satisfactory yields. Provision for the thermal 
i cracking of catalytic cycle oils is, therefore, a frequent complement of 

se metal catalytic cracking installations. 
Lys, sup High temperature low pressure cracking of gases and oils to produce 
Croloy & unsaturate and aromatic materials for subsequent chemicals manufactur- 
' ing operations is widely practiced. Further development of such processes 
els, and & is probable but will to a large degree depend on the development of 
tubing materials capable of safe operation in pipe coil heaters at higher 
oy-Clad levels of temperature and pressure. Another approach to the problem of 





higher temperatures for pyrolysis operations is the adaptation of equip- 
ment developed for heating and handling catalysts in the continuous 
catalytic cracking processes. Inert materials, such as sand or pebbles, can 
be substituted for catalyst to serve as heat carrier medium to raise hydro- 
carbons to high temperatures, and to remove coke production from re- 
action zones. One such arrangement is included with this group of thermal 
cracking processes, 










Shale oil distillation has received wide attention in recent years as a 
possible means for extending our fuel resources to meet growing de- 
mands. One method for the retorting of oil shale is included in this section 
because such equipment may eventually play an important role in the 
preparation of charge stock for cracking units. 
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Thermal Cracking Process 





UNIVERSAL OIL PRODUCTS COMPANY 


ue thermal cracking process is probably the best 
known of any process employed by the refining industry. 
It is of the widest application, both geographically 
and practically. Thermal cracking is in successful use 
in every country where oil is refined, and it is pro- 
ducing good gasoline from every variety of charging 
stock, from naphthas to the heaviest crudes and 
residual oils. 

Universal Oil Products Company invented and de- 
veloped the first cracking process that could convert 
heavy oils to produce maximum yields of gasoline. 
For more than 25 years this company’s engineers 
have been designing, servicing and improving crack- 
ing equipment in order to make the process more 
serviceable to refiners of both large and small ca- 
pacity. 

Thermal cracking produces butylenes and propyl- 
ene which can be polymerized to produce polymer 
gasoline of high octane number for use as a blending 
fluid to improve the quality of other gasolines. 

The ideal equipment for thermally cracking topped 
or reduced crudes is about the two-coil 
cracking unit designed for optimum results when 
producing high-grade cracked fuel oil residuum. 

The two-coil cracking unit is shown in the accom- 


centered 


panying flow diagram. 

The topped or reduced crude charge is introduced 
to the side of the fractionating column where it is 
contacted with the vapors from the flash chamber. 
The overhead product from the fractionating column 
is end-point gasoline. Furnace or tractor distillates 
are withdrawn as side cuts and stripped to specifica- 
tions. From a lower side-cut tray a higher-boiling dis- 
tillate comprising the lower-boiling fractions of both 
the recycle and charging stocks is withdrawn as 
charge to the light-oil heater. The charge to the 
heavy-oil heater is withdrawn from the bottom of 
the fractionating column, and consists of the highest- 
boiling fractions of both the recycle and charging 
stocks. 

The transfer lines from the two heaters enter the 
top of a downflow reaction chamber. This chamber 
is operated without a liquid level, all products being 
withdrawn from the bottom through a pressure con- 
trol valve. 

The mixture leaving the reaction chamber enters 
the flash chamber in which a fuel oil residuum of the 
desired properties is separated. 

With the development of the U.O.P. 
heater and its incorporation into the two-coil selec- 


Equiflux 


tive plant described above, it is possible to obtain 
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temperatures as high as 920° F. in the middle of the 
reaction chamber. With a reaction chamber operation 
at this temperature level the heavy charge is sub- 
jected to a far greater time-temperature action than 
can possibly be achieved without the use of the re- 
action chamber as a means of viscosity breaking. Ag 
a result, yields are improved, and plant costs are 
reduced because of the greatly increased cracking 
rates obtained at high temperatures. 

Cracking residual stocks at high temperature levels 
has a further advantage resulting in cracked fuel oils 
of maximum stability and minimum sediment con- 
tent. These properties are direct functions of the 
average temperature level of cracking, and in the 
modern two-coil unit the average temperature of the 
entire reaction chamber is greater than the maximum 
temperature ordinarily attained in coil-only viscosity 
breaking. 

Similar results to a lesser degree may be obtained 
in a single coil and reaction chamber unit in which 
the charge passes through the heater with all of the 
recycle stock. 

To illustrate the comparative results obtained in 
various methods of processing, the following yields 

presented as representative results when charg- 
ing a typical 25° API Mid-Continent reduced crude 
having a viscosity of 20 S.F.S. at 122° F. In consider 
ing these results, it must be remembered that not 
only the gravity but also the viscosity of the charge 
are important in determining yields. 


are 


TABLE 1 


Yields from 25° API Mid-Continent Reduced Crude in 
Residuum Operation 





Maximum 
Gasoline 





Percent by volume of charge: ; 
Gasoline, 400 E.P., 10 RVP 53.5 
Furnace Distillate 
Fuel Oil 37.5" 
Liquid volume loss 9 

Gas, cu. ft/bbl. 500 

Octane number (A.8.T.M.) 69-70 

Fuel Oil, vis. 8.F.S. at 122 °F. 200 

Fuel Oil, gravity, “API 7 

Percent Catalytic Polymer Gasoline, 10 RVP 5 

Percent Total Gasoline, including Polymer 58.5 

Octane Number of Total Gasoline... . 71-72 70-71 








= 








It should be noted that the cracked gasoline yields 
of Table 1 are reported on the basis of 400° F. end 
point and 10-pound Reid vapor pressure. On the basis 
of total butane-butylene retention in the gasoline the 
yields would be increased approximately 4 percent 
and 3 percent, respectively. The yields of catalyti¢ 
polymer gasoline shown in the table are on the basis 
of polymerizing 80 percent of the propylene and 
butylenes formed in the cracking operation. 
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ESTABLISHED 193 


METALOCK 





HOME OFFICES AND TRAINING CENTER 


36-15 to 19 48th Avenue, Long Island City 1, N. Y. 


Telephone STillwell 6-0330-1-2 F 
C 


Call or Write for Names & Addresses 
of Representatives, or Consult | 


Telephone Directory 


CABLE ADDRESS: 
“METLOKCAST NEW YORK” 
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METALOCK ANNOUNCES 
Improve ents 


OF 
“MASTER PLATES” 
“MASTER RINGS” 

“METALAZE™ 
“ANGLE we 





New Types - Mt etalock 


(Write for Informatio 


Ww 


_ For the Best in Repairs of Heavy Castings & Forgings 
Call for 


METALOCK'’S SPECIAL SERVICE 


WHICH EXTENDS TO ALL PARTS OF THE WORLD 
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Thermal Cracking Processes 





THE LUMMUS COMPANY 


oe that more than a million barrels of per 
stream day capacity of catalytic-cracking units are 
drawing upon gasoils, which formerly were charged 
to thermal processes, the selective thermal cracking 
of heavy crude residues and refractory catalytic gas- 
oils is becoming more and more important. While the 
solution in most plants involves adaptation of exist- 
ing units to the new requirements, rather than the 
installation of new facilities, there still remain situa- 
tions in which it is desirable to install new thermal- 
cracking facilities. 

Selection of proper equipment often is difficult be- 
cause of the availability of many types of units, as 
well as because of special conditions and the specific 
The important factors which de- 
value of a 


problems involved. 
termine the performance and economic 
projected thermal cracking plant may be summarized 
as: 

Product yield and quality, initial investment, serv- 
ice factor, fuel and power economy, flexibility, main- 
tenance and turnaround cost, time required for con- 
struction and time lapse between initial starting-up 
and acceptance. 

A comparison on the basis of the above significant 
factors will indicate that Lummus units embody the 
best proven principles of the art aplied in the way 
best suited for the specific conditions of the refiner. 
The units are designed and erected under existing 
license agreements but they incorporate novel fea- 
tures and refinements of design which assure superior 
performance. 

The yield efficiency and product quality to be ex- 
pected from these cracking plants can be substan- 
tiated by commercial acceptance tests. Lummus com- 
bination cracking units are designed for the optimum 
segregation of furnace charge stocks and their inde- 
pendent selective cracking under the most suitable 
conditions. In some units stocks are segregated for 
selective cracking not only according to boiling range 
but also according to source or refractivity. 

In order to crack selected charging stocks under 
optimum conditions it is necessary that the heaters 
be accurately designed to maintain optimum condi- 
tions of temperatures, shape of heating curve, crack- 
ing time and rate of heat transfer through the fur- 
nace. In the ordinary cracking units these limitations 
preclude flexibility as to charging stocks and product 
specifications. Lummus units meet the conditions of 
both flexibility and efficient selective cracking with 
carefully planned fractionation and recovery systems 
and by novel cracking-heater design. In Lummus fur- 
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naces the preheating and soaking sections are inde 
pendently-fired chambers. This allows the operator 
a wide range of variation in cracking conditions with. 
out change in equipment and without sacrificing con- 
stancy of control for any given condition. This fea- 
ture, combined with the unique method of handling 
combustion gases in the heating chamber makes 
Lummus cracking heaters outstanding in the field. 

The design of the fractionating equipment of Lum- 
mus combination units reflects experience of over 40 
years in the distillation field. Most combination crack- 
ing units have an excess of recoverable heat within 
certain temperature ranges. This heat has been uti 
lized by generating high-pressure steam. For exam- 
ple, one unit generates 280,000 pounds per day of 
125-pound steam. The total steam consumed by this 
unit is only 373,000 pounds per day. Furnace-charge 
pumps in this case were driven by gas engines. 

Symmetry of equipment arrangement and refine 
ments in layout pay dividends in operating convent 
ence and rapid, inexpensive turnarounds. These fea- 
tures can best be appreciated by a visit to one of the 
units in operation. 

In the specialized field of reduced-crude process 
ing, The Lummus Company offers several processes 
from which a selection may be made depending upon 
the refinery situation and marketing requirements. 
These processes are in general employed to increase 
gasoline production and reduce residual fuel oil pro 
duction ; they may be applied to furnish a gasoil feed 
for a combination or catalytic-cracking unit. Among 
the processes available for this purpose are Vacuum 
Reduction, Propane Deasphalting, Coking, and Vis 
cosity Breaking. At the moment the urgency for re 
ducing residual fuel oil productions is not great, asit 
was prior to the war because of the relatively large 
present demand for fuel oil and the general trend t 
wards lower production resulting from the operation 
of extensive catalytic cracking capacity. 

Lummus viscosity-breaking units (see flow sheet 
opposite) employ a number of novel features depent 
ing upon the requirements of the situation including 
two-coil cracking, vacuum reduction of the residue 
followed by cut-back with light cycle stock for the 
purpose of minimizing pour and viscosity, and flexi- 
bility in design which enables these units to process 
a wide variety of stocks efficiently. 

Extensive thermal cracking facilities are now beimg 
built in one large plant by The Lummus Compaily 

420 Lexington Avenue, New York, which prog 
this discussion of the subject as well as the flow 
diagrams on the page opposite. 
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For removing spent catalyst efficiently from 
vertical reactor tubes in reactor type towers of 
Polymerization units. The Airetool Catalyst Re- 
moval System illustrated above is effective and 
easy to operate. 


Due to changing catalyst conditions, the method 
of advancing the cutter head upward into the 
catalyst is especially important. The cutter head 
is air operated while in contact with the catalyst. 
When the catalyst is dry and not extremely hard 
the cutter head works most effectively when ad- 
vanced hy the power feed method. When the 
catalyst is wet, sloppy or gummy it is only neces- 
sary to shut off the power and slip the hand 


cranks on the machine and the 
cleaning operation continues with a minimum of 


lost time. 


Tubes are thoroughly cleaned in 3 to 7 minutes. 
The machine can he shifted from tube to tube 
quickly as it is equipped with swivel casters which 
permit easy handling and spotting under the tube. 
Hydraulic pressure holds the housing of 
the machine securely against the bottom 
of the tube sheet of the tower and the 





Ww MANUFACTURING COMPANY 


NLATRETOOL 


SPRINGFIELD, OHIO . 


7 


catalyst cuttings drop by gravity and are 
conveyed into any suitable receptacle for 
disposal. 








AIRETOOL ¢ AIRETOOL ¢ AIRETOO! 
‘ 
. IR i“ 4 ° « 4 . « ’ 
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...engtneered by AIRETOOL 


Airetool Cleaners, Expanders and Refinery Specialties are designed to 

give long satisfactory service at minimum cost to the petroleum industry. Prompt service 
from the Airetool engineering department is available to oil refineries for advice 

on special tube cleaning, tube expanding and catalyst removal problems. 


a. AIRETOOL EXPANDERS. Refineries use Airetool tube 
expanders for correct expanding and flaring of all types 
of tubes from *%” I1.D. to 12” LD. Illustrated is an Aire- 
tool G-100 complete with ironing-out attachment and 


thrust. 


b. TUBE CLEANERS. Airetool manufactures tube cleaners 
for both straight and bent tubes ranging in size from 4” 
to 24” 1.D. To meet every refinery tube cleaning require- 
ment Airetool provides various combinations of motors 
and cutters, brush and drill heads. Illustrated is an Aire- 
tool Tube Cleaner with.a P-type head and high speed motor 
for use in straight tubes 244” I.D. to 434” I.D. 


c. FORWARDLY SWING ARM HEAD for all bent tubes 
134” to 12” L.D. 


d. DOUBLE EXPANSION HEAD with front offset cone cut- 
ter for straight tubes 3” to 10” I.D. 


e. AIRETOOL MOTORS. These more powerful motors fea- 
ture slip-fit construction which is an important time saver 
as the motor can be taken apart and reassembled without 
special tools. Other features include the power seal by 


; 


which the blades of the rotor are pressure held against 
the cylinder and balanced rotor which makes it possible 
to use a simple flat plate for thrust bearing surfaces. 
Proper oiling is assured by five points of lubrication at 
each bearing. Because of the power seal mentioned above 
the motor can be loaded down to 50 R.P.M. without stalling. 


f. CC-450 DIRECT-DRIVE CONDENSER CLEANER. For tubes 
%” to 14%” LD. Other models, CC-375 and CC-325, Geared 
Drive. Available for tubes %” to 2%” I.D. 


ACCESSORY TOOLS. Airetool provides Calipers to accu- 
rately measure or check tube end I.D., thickness of headers, 
header walls, and valve bodies; Knock-out Tools, for re- 
moving tube stubs; a Cleaning Lance for Heat Exchanger 
Bundles; Parallel and Right Angle Gear Drives; Flycutters, 
and Combination Boring and Cut-off Tools. 


Write for Catalog 


A 1948 Oil Refinery Catalog which lists the principal 
products of the Airetool Manufacturing Company is 
now available. Write the Airetool Manufacturing Com- 
pany, 352 S. Center Street, Springfield, Ohio. 


AIKETOOL« AIRETOOL © AIRETOOL ¢ AIRETOOL ¢ AIRETOOL 
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Thermal Reforming Process 





UNIVERSAL OIL PRODUCTS COMPANY 


ym UOP Thermal Reforming Process has had 
such wide and successful application in all parts of 
the world that it ranks with thermal cracking as 
one of the best known processes in the petroleum 
refining industry. This process converts low-grade 
gasolines and naphthas into high octane gasoline by 
subjecting the charging stock to heat treatment un- 
der controlled time, temperature and pressure con- 
ditions. The process is flexible, not only in its ability 
to process various stocks, but also as to quality and 
quantity of products which can be made from these 
stocks. 

Thermal reforming produces butane-butylenes and 
propane-propylene which can be polymerized to pro- 
produce a high octane polymer gasoline which is an 
excellent blending material for improving the quality 
of other gasolines. The residuum produced by this 
operation has a high calorific value, and can be mar- 
keted as fuel oil. 

As shown by the accompanying flow chart, a 
straight-run gasoline or naphtha fraction is charged 
to a heater wherein the reaction time, pressure, and 
discharge temperature are controlled to produce the 
desired products. The effluent from the heater passes 
through a pressure-control valve where the pressure 
is reduced. A quench stream from the fractionator 
is introduced after the control valve to reduce the 
temperature of the effluent and minimize coking. 

The quenched products enter a combination flash 
chamber and fractionating column wherein the gas 
and gasoline are taken overhead, and the small amount 
of bottoms produced is removed from the lower por- 
tion of the vessel. A cracked naphtha side-cut from 
this column is used for quench and heat exchange 
duty. Naphtha side-cuts may be withdrawn if de- 
sired. 

The overhead products from the fractionator are 
cooled, and the condensed, unstabilized gasoline is 
sent to a stabilizer to produce the desired vapor 
pressure. If polymerization of the gases evolved from 
the cracking operation is desired, an absorber for the 
receiver gases plus deep stabilization of the gasoline 
is employed to provide maximum recovery and utili- 
zation of polymerizable olefins available. 
from the flash-chamber 


The bottoms withdrawn 


portion of the reformer column are further flashed 
in a residuum stripper. Light material removed from 
the residuum at this point is condensed and returned 
to the fractionating column, whereas the residuum is 
sent to storage for subsequent disposal as fuel oil, 
The properties of the residuum are regulated by 
suitable control of the reflux to the stripper. 

A typical result when reforming a 53° API Mid 
Continent straight-run naphtha is shown in the fok 
lowing tabulation. It must be realized in considering 
these results that the yields and octane-rating im 
provement that can be derived from thermal reform 
ing are dependent upon the characteristics of the 
charging stock. In order to design thermal reforming 
equipment for any refiner, his entire situation must 
be carefully analyzed and studied, not only from 
the standpoint of charging stocks available, but also 
from that of market requirements. 


Thermal Reforming of Mid-Continent Naphtha 


Charging Stock 
Gravity “API 53.0 
Octane rating, ASTM (F-2) clear 40.5 
Characterization factor 11.96 
100 ml. distillation 
I.B.P. °F. 208 
10% 263 
50% 314 
90% 367 
E.P. °F. 389 
Products 
Gasoline: 
Yield, vol. % of charge 
Gravity, “API 
Reid vapor pressure, lbs. 
100 ml. distillation 
I.B.P. °F. 
10% 
50% 
90% 
EP. °F. 
Octane Ratings: 
ASTM (F-2), clear 
+3cc. TEL/Gal. 
Research (F-1), clear 
+3 cc. TEL/Gal. 
Residuum 
Yield, Vol % of charge 
Gravity, “API 
Gas 
Yield, Wt. % of charge 
Cu. Ft./Bbl. of charge 
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OTHER CLAD STEEL APPLICATIONS IN THE PETROLEUM INDUSTRY: 


Batch Stills e Naphtha Coolers « Reboilers « Accumulators and Separators « Surge Tanks e Reboiler Ketties « Dewaxing 


Furfural Solvent Tanks and Processing Equipment ¢ Saturators « Traps ¢ Distillate Drums ¢ Dus? Collectors « Tank Cars 


The new publications, No. 461 ‘‘Economical Corrosion Protection for the Petroleum Industry”’ and No. 399 “‘Fabrica- 
tion of Lukens Clad Steels” will be sent on request to Lukens Steel Company, 404 Lukens Bidg., Coatesville, Pa. 
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Delayed Coking Process 





THE M. W. KELLOGG COMPANY 


Pave Coking is a continuous thermal- 
cracking process designed to produce clean (low 
Conradson carbon) catalytic-cracking feed stock from 
any type of reduced crude. A by-product of the proc- 
ess is a high grade of petroleum coke useful as a raw 
material in chemical industries. 

The overall effect of the process on modern refinery 
operation is to increase the yields of motor gasoline 
and diesel. fuel per barrel of crude oil processed, and 
to reduce the percentage of fuel oil. 

There are at present about 13 Delayed Coking 
units operating or building in this country with a 
combined capacity of approximately 40 million bar- 
rels of reduced crude yearly. 

Feed to the unit is usually a heavy reduced crude. 
After heat exchange with the hot products the feed 
is pumped to the base of a bubble-tower fractionator 
where any light components are flashed off. The bot- 
toms of this bubble tower are pumped to a pipe fur- 
nace in which they are quickly heated to about 920° 
F. and discharged at a pressure of 10-70 psig into 
insulated coke drums to coke by their contained heat. 
The actual number of drums required is determined 
by the feed rate and carbon-forming characteristics 
of the reduced crude. At any given time half of the 
drums are coking and the other half are decoking. 
A specially designed transfer manifold utilizing an 
unusual switch valve makes it possible to feed any 
drum without coking liquid in lines or interrupting 
furnace operations. 

A mixture of liquid and vapor enters the bottom 
of the coke drums but only vapor leaves the top, all 
liquid being converted in the drums to either coke 
or vapor. The vapors leaving the drums are frac- 
tionated in a bubble tower, producing gas and gaso- 
line overhead and withdrawing light, medium and 
heavy gasoil as side streams. The heaviest gasoil, 
blended with the flashed residuum, is returned to 


the furnace. 


The above description is applicable to recycle 
operation. However, Delayed Coking units are also 
operating on a single-pass basis. 

Removal of coke from the drums is accomplished 
hydraulically by means of high impact-producing 
jets incorporated in special boring and cutting tools, 
The hydraulic method has been perfected to a point 
where the drums are cleaned speedily and safely 
and the coke transported to storage in a continuous 
mechanical operation. 

Delayed Coking yields on a typical charging stock 
are given in the following table: 


Table of Delayed Coking Yields and Product 
Inspection 


Reduced Crude Charge 
Weight % 
Gravity, “API 
Conradson Carbon, % 
Products 
Stabilized Gasoline 
Volume % 
Gravity, °API 
ASTM Distillation, °F. 
IBP 
10% 
50% 
90% 
EP 
Reid Vapor Pressure, psi 
CFRM Octane No.—Clear 
Gas Oil 
Volume % 
Gravity, “API 
Conradson Carbon, % 
Dry Gas 
Weight % 
Petroleum Coke 
Weight % 
Ash, % 


12.9 
0.15 


The M. W. Kellogg Company, New York, has been 
appointed licensing agent for this process for the 
United States and foreign countries. 


2 op xe 
Petroleum Refiner—V ol. 27, No. 9.2 








Y' W iii 


Soe Lele SND (OO MR CEV AAELCMOISONNED: 


rc - — 


& 


NO SVD AAWAL | 


aN 














“a. r 





ae I 














| 
. a 
uO svd LHOIT 


\ 


| 
oe 
B 


aaddiaLs | 


NOILVNIGWOD 











ANINVOSVS) 





wnad | ae 
No\Lvavdas (| i) 


\ 


ove 5 AOLVNOILOVas 


é. 
—_— 


SVQ 
































1948—Process Handbook Edition 


or, 


Septem 




















For All Refinery Furnace Fittings 


@ Bring your problems in refinery fittings to a specialist . . . bring them to Sivyer. 


Here, from one source, you can get fittings of any kind and in any quantityfor 
all applications. At Sivyer we have a special refinery division, ready to apply years 


of experience and skill in providing pressure fittings to meet your exact needs. 


From molding to final inspection, all Sivyer Steel Fittings are carefully checked 
and tested by competent metallurgists. Each fitting must pass Sivyer’s exacting re- 
quirements for close dimensional accuracy, and integrity of metal before it can 


carry the Sivyer diamond—the mark worth looking for. 


! 
Mule Ear Top 


Screw Plug-Gasket 


Safety Mule Ear Top 


TI BS taj: cies 
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-Proved Designs for All Applications 


Consult Sivyer, whatever your refinery fitting requirements 


e All fittings engineered by Sivyer for ease in handling trouble-free service, long life 
@ One source for all fittings 

© Safety return bends of any kind, any quantity 

¢ Special refinery fittings and tube supports 

@ Most complete machining facilities for widest range of fittings 


@ For 39 years a producer of sound refinery fittings 
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Delayed Coking Process 





FOSTER WHEELER CORPORATION 


Ly THE Thermal Delayed Coking Process stocks 
such as reduced crude, straight-run pitch or cracked 
tars are heated to a temperature sufficient to cause 
their heaviest components to turn to coke in a time 
chamber, from which the coke is intermittently re- 
moved. 

The primary objective of delayed coking is to pro- 
duce, from heavy carbonaceous oils, clean gasoils 
which are suitable charges for thermal or catalytic 
cracking. When demand and market realization for 
coke are adequate, delayed coking of the heavy sur- 
plus oil stock can be a very profitable operation. A 
yield as high as 20 percent of 400° F. end-point gaso- 
line from the delayed coking of reduced crude repre- 
sents an added asset in the overall economic balance. 

Thermal delayed coking units may be designed to 
operate as viscosity-breakers when there is either no 
demand for coke at a fair return, or when there is a 
surplus supply of heavy residues. 

Two or more coking chambers usually are provided 
for the intermittent removel of coke. The “hydraulic 
method” is looked upon with much favor by operat- 


Le TD 
oe 


‘ea 


ing men because it consumes the smallest amount of 
time and produces the smallest percentage of coke 
fines. In this method a vertical hole about 18 inches 
in diameter is bored by a high-pressure water jet 
through the coke bed after the coke has been prepared 
by adequate steaming. The next step is the cutting of 
the coke into layers by using high-pressure water 
jets applied by means of rotating nozzles on the end 
of a pipe extending down to the bottom of the vertical 
hole. This cutting works upward until the entire body 
of coke is removed from the chamber. The water 
used for cutting the coke also may be used to convey 
the coke in a conveying system from the coke cham- 
ber to the stock pile. 

The charge, a heavy reduced crude or cracked tar, 
is pumped through the convection section of the 
“Downdraft” heater and enters the radiant section 
where it is heated to a temperature high enough to 
effect vaporization of all light and heavy gasoils con- 
tained in the charge. This liquid-vapor mixture enters 
the fractionating column and the unvaporized heavy 
fuel oil fraction of the charge is pumped from the bot- 

tom of this fractionating 
column into the other cell 
of the “Downdraft” heater 
where further vaporization 
takes place. This combina- 
tion of heavy oil vapor and 
liquid residue (in which 
coke-forming substances are 
highly concentrated) enters 
one of the coking chambers 
where as a result of the com- 
bination of time and tem- 
perature, coke is formed. 
This coke accumulates until 
the chamber is filled and the 
stream is then diverted 10 
the other coke chamber. The 
vapor leaving the coke 
chamber contains an apprect 
able quantity of low-boiling 
fractions, the result of crack 
ing both in the heater coil 
and in the chamber itself. 
This vapor enters the frac 
tionating column and is sep 
arated into gas and gasoline 
at the top of the column and 
a gasoil sidestream. 
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DELAYED COKING PROCESS 
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SERIES "Y" 
COMBINATION OIL 
and GAS BURNER 


FUEL SCARCITY is no problem if you use John Zink 
Series Y Burners because this burner burns either, 
or both, gas and oil with the same heat pattern. 
Features: Easy to remove fuel guns—feather weight 
type, one man can remove for inspection and clean- 
ing while the boiler remains in service. 

Easy to operate. 

Simple in construction. 


No tile necessary—may ‘be installed in circles turned 


JOHN ZINK STEAMIZER OIL GUN 


POSITIONING GUIDE CENTERING GUIDE 





















{© 







2” GUIDE TUBE 
HEAT PATTERN: STEAM CONSUMPTION: 


John Zink Streamizer Type Oil Gun produces a Metered tests on consumption of steam for atomi- 
zation show that as little as 0.17 pounds of steam per 
pound of oil may prove satisfactory. 







very stable, easily controlled fluffy yellow-white 
flame, the proportions of which can be suited to re- 
quired applications, TURN-DOWN RANGE: 

Wide turn-down range which requires no delicate 
adjustment is provided making the burner readily 
adaptable for automatic control. Capacities from 








TYPE OF FUEL: 







Any non-corrosive liquid fuel heated so that its 450,000 to 40,000,000 B.t.u./hr. are offered as stand- 
viscosity as delivered to the burner is not greater than ard. Higher capacities available for special applica- 
25 S.S.F. may be burned. tions. 













HORIZONTAL BI-MIX BURNERS 
FEATURE: 


Inexpensive to buy—easy to install. All in one piece—just brick 
into furnace wall. 

Burns with a short flame, without the use of small ports, refin- 
ery gases, natural gas, oil vapors or a mixture of gases. 
Slugs of water, oil or gasoline blow through them or run down 

over them without doing damage. 
Can be used with high or low pressure gas. 
Available for vertical or horizontal firing. 























Write for literature 


JOHN ZINK COMPA 


4401 S. PEORIA TULSA 1, OKLAHOMA 
New York « Los Angeles * Salt Lake City . Houston 
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American 
Cyanamid Company 


Petroleum Chemicals Department 





30 ROCKEFELLER PLAZA, NEW YORK 20, WY. Y. 
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Naphtha and Gasoil Polyforming Process 





THE LUMMUS COMPANY 


a ick Polyform Process, licensed under patents of 
Phillips Petroleum Company and Gulf Oil Corpora- 
tion, affords an efficient means for converting 
straight-run naphthas, gasoils and extraneous light 
hydrocarbons into high-quality motor gasoline. Poly- 
form gasolines characterized by high research octane 
numbers possess excellent road performance at all 
speeds, and find use as the primary component of 
regular- and special-grade gasolines which must meet 
severe competitive specifications. 

A Polyform plant is a self-contained unit, designed 
to process naphthas, gasoils and condensible light 
hydrocarbons simultaneously. The unit is complete 
with heaters, high-pressure fractionator, stabilizer 
and an absorber, which equipment affords the means 
to condense the light hydrocarbons for the furnace 
charge without necessity of refrigeration. Propane- 
propylene and butane-butylene produced in the proc- 
ess are largely condensed with normal cooling water 
supply and the balance is absorbed in the naphtha or 
gasoil feeds. Extraneous light hydrocarbons may be 
charged into the furnace-feed accumulator as a liquid 
or charged to the main high-pressure absorber. Con- 
densed liquid gas is circulated with the feed and the 
presence of this material in the furnace charge en- 
ables substantially more severe temperature and pres- 
sure conditions than could otherwise be achieved. 
This, in addition to the polymerization of the light 
hydrocarbons, results in the high gasoline yield and 
octane associated with the Polyform process. By 
varying the charge rate of extraneous butane-buty- 
lenes, an efficient means of plant vapor pressure bal- 
ancing is afforded. 

The Polyform Process has found most extensive 
application in the processing of low-octane naphthas, 
although there are in operation a number of units 
charging gasoils. The process is particularly well 
suited for the conversion of refractory catalytic cycle 
stocks requiring more severe conditions than can 
be achieved in conventional thermal-cracking plants. 
Yields of 10-pound RVP gasoline ranging from 60- 
80 percent have been obtained from virgin gasoils, 
while yields of 50-70 percent will be derived from 
catalytic cycle stocks with ASTM octane of 72-76 
for virgin stocks and somewhat higher for the cycle 
oils. 

Naptha Polyform units charging a wide variety of 
heavy naphthas with and without extraneous con- 
densibles achieve higher yields of higher octane gaso- 
line than is possible with conventional reforming 
units operating in conjunction with catalytic-poly- 
merization facilities. 

The flow sheets on the page opposite illustrate the 
process arrangement of typical naphtha and naphtha- 
gasoil polyform units. Either unit may accommodate 
outside gas charge as desired. 

In the Naphtha Polyform unit the naphtha is 
charged to the absorber which is so operated that 
about 80-90 percent of the propane in the wet gas en- 
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tering the tower is absorbed. At the base of the ab- 
sorber the rich oil combines with stabilizer overhead 
condensate to make up the furnace feed which is 
charged with a high-pressure centrifugal pump to 
that the resultant transfer line pressure is 1200-1500 
psi. Evaporator bottoms is employed to reboil the 
stabilizer and quench the transfer line to 650-700° F, 
The evaporator bubble tower operates at about 400 
psi pressure. The net evaporator bottom flows to a 
fuel oil flash tower, the overhead of which is re- 
turned to the system, and the bottoms are delivered 
to fuel oil. The bubble tower is controlled with inter- 
mediate and top circulating reflux systems which 
preheat the furnace feed while the overhead flows 
through a partial condenser directly to the stabilizer, 
which tower operates at about 380 psig. The stabilizer 
may operate as a depropanizer if it is desired to pro- 
duce butane-butylenes for alkylation, or may oper- 
ate to produce specification-vapor-pressure gasoline 
with excess butane-butylene being taken overhead 
for conversion to gasoline. A large part of the pro- 
pane-propylene and butane-butylene in the stabilizer 
overhead is condensed and flows to the base of the 
absorber, while the uncondensed wet gas _ flows 
through the absorber where it is stripped of propane 
and is then discharged as refinery fuel gas. 

The Lummus floor-fired heater is ideally adapted 
for the exacting requirements of polyform service 
with separate heating and soaking sections. It has 
been found economical to use only radiant surface 
for the high-pressure oil service and generate steam 
in the convection section with forced circulation of 
boiler-feed water through an external steam drum. 
This not only brings about high fuel efficiency but 
provides sufficient steam for operating all of the high- 
pressure pumps and most of the low-pressure pumps 
so that the unit operates in substantially steam 
balance and requires no additional steam load from 
the refinery. 

Polyform units are extremely simple and are typt- 
fied by ease and stability of operation. Investment 
requirements for naphtha-polyform units are lowef 
than for corresponding facilities for naphtha reform- 
ing plus catalytic or thermal polymerization. 

The naphtha-gasoil polyform flow is substantially 
the same as for the naphtha polyform unit with only 
minor variations as required to accommodate the gas 
oil cracking.. In this plant the gasoil usually 1s 
charged to the bubble tower where it mixes with the 
gasoil recycle to form the furnace feed. High-pressure 
pumps handle the gasoil furnace charge and stabilizer 
overhead condensate, the latter being preheated 
against bubble-tower circulating reflux streams be 
fore mixing with the gasoil furnace charge dowm 
stream of the high-pressure charge pumps. Naphtha- 
gasoil units are typified by the same ease and sif_- 
plicity of operation as in the naphtha-polyform units 
and the number of plants in service attest to the wide 
acceptance of the process. 
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Pack your towers...with | 


CARBON Raschig 


Advantages of Carbon 
Raschig Rings 


Corrosion resistant 








Light in weight 































































en 
Immune to thermal shock ha 
’ ; les 
Won't crush in the tower a 
Minimum of chipping 
and spalling a 
sin 
More contact surface oe 
ca. 
Low back pressure you 
ma 
Eliminate ‘‘channeling’”’ opt 
of flow material inv 
ing 
« 
SAS OLing 

Spe 

@ “National” “Kempruf” Car- 

bon Raschig Rings provide the 

most economical and efficient 

tower-packing material for re- 

action and scrubbing towers 

handling corrosive agents, such 
as hydrofluoric acid, organic- lied 
hydrochloric mixtures, and hot pH Ine 
aqueous alkalies. These rings é 

are also excellent in extraction 

comiTion systems...towers in which 

1" 

te sudden temperature changes re 

sult in severe thermal shocks 
... rectifying towers... and — 
tower processes where thor- Ultro 
VALve SOturion . : e P to Radia 
CONTAIN ough dispersion is essential vance 
$ co “4 * applic 
satisfactory operation. ote 






he terms “National” and “‘Kemprut" are registered trade-marks % 
NATIONAL CARBON COMPANY, INC 


Unit of Union Carbide and Carbon Corporation 


UCC 
30 East 42nd Street, New York 17, N.Y. 


sles Offices: Atlanta, Chicago, Dallas, Kansas City 







Fer mere information, write to: 
NATIONAL CARBON COMPANY, INC., Dept. px 


New York. Pittsburgh. San Francisc 
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Mark of a modern refinery... 


In both industry and sci- 
ence the name “Beckman” 
has become synonymous with 
leadership in a vital field of 
instrumentation—that of 
adapting complex scientific 
advancements to the quick, 
simple, accurate solution of 
modern production, analyti- 
eal and control problems. If 
you are not using these Beck- 
man Instruments in your 
operations, we suggest you 
investigate today the vital sav- 
ings they can make for you... 


“DU “a 
Spectrophotometer 




























Model “’R’’ 
PH Indicator 










OTHER BECKMAN INSTRUMENTS in- 
clude the Photopen Recorder, the 
Ultrohmeter, numerous types of 
Radiation Meters, and other ad- 
vanced equipment for specialized 
applications, For modern. instru- 
mentation needs bring your prob- 


lem to Beckman. 














WATIONAL 
CHEMICAL 
ExPOsiTiO 
OT. 12, 13, 14, 18, 
1948 


BECKMAN “DU” QUARTZ SPECTROPHOTOMETER: 


Widely used by leading refineries to 
simplify the measurement and control of 
aromatics, butadiene and other refinery prod- 
ucts that are readily analyzed by visible and 
ultraviolet light. With this instrument, com- 
plex analyses requiring many hours by other 
methods can be made—accurately—in a few 
minutes. Butadiene analyses can be made to 
an accuracy within 1/10 of 1% of total 
original sample. 

Makes toluene determinations in min- 
utes instead of hours—accurate to within 1% 


Originally developed to simplify control 
problems in refinery operations, Beckman 
Infrared equipment and methods have been 
widely adopted by other industries as well. 

The “IR-2” Spectrophotometer is the 
most advanced infrared equipment available 
and embodies far-reaching developments 
that greatly increase the versatility, accuracy, 
speed and convenience of modern infrared 
methods. 

Analyzes hydrocarbons and other or- 
ganic gases, liquids and solids by measuring 
absorption of infrared radiation at selected 
wave lengths, permitting rapid identification 
of each component—and its concentration— 





BECKMAN “IR-2” INFRARED SPECTROPHOTOMETER: 





of toluene present over concentration range 
0.01 to 100%. Also simplifies many other 
refinery applications with similar speed and 
accuracy. 

Covers wide spectral range—near infra- 
red, visible and ultraviolet—and entire in- 
strument is designed for maximum accuracy, 
operating simplicity and compactness. Un- 
usually rugged construction minimizes 
maintenance and insures sustained accuracy. 
Incorporates many unique design features. 


Write for full details, 


in complex mixtures. It is many times faster 
than other methods... is accurate to within 
\% of 1% of total sample present . . . is simple 
to use and readily analyzes even the most 
complex mixtures encountered in modern 
refinery operations. 


This instrument'is widely used in lead- 
ing refineries throughout the world, and no 
refinery, large or small, can be completely 
moderr in its operating efficiency without 
Beckman “IR-2” equipment. Write for full 
details on the many outstanding design and 
performance features incorporated into this 
equipment, 


BECKMAN GLASS ELECTRODE pH EQUIPMENT: 


Extensively used throughout the refining 
industry to control pH in various processing 
operations, and to reduce costly corrosion of 
plant equipment by neutralizing acid crudes 
and similar corrosive elements. 

Beckman—pioneer of modern glass elec- 
trode pH equipment—offers the widest range 
of pH instruments and the industry’s most 
complete range of glass electrodes for use 
with its instruments. 


There is a Beckman pH instrument for 
every application—laboratory, plant and 
field, as well as completely automatic equip- 
ment for large-scale pH indicatién, record- 
ing and control. Illustrated at left is the 
Beckman Model R Indicator for automatic 
pH installations, one in a complete range of 
pH instruments. Write for descriptive details 
on Beckman pH equipment. 


Our trained research staff will outline the important savings you can make 
by installing Beckman instruments on your particular operations. Write, wire or 
phone for further details. Beckman Instruments, National Technical Laboratories, 


South Pasadena 25, Calif. 









ISTRUMENTS CONTROL MODERN INDUSTRIES 


pH Meters and Electrodes — Spectrophotometers — Radiation Meters — Special Analytical Instruments 
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Thermofor Pyrolytic Cracking Process 





SOCONY-VACUUM OIL COMPANY, INC. 


Ps E Thermofor Pyrolytic Cracking Process pro- 
vides a practical method of converting hydrocarbons, 
ranging from ethane to reduced crude, into ethylene 
and aromatics. The TPC process was developed in 
the Socony-Vacuum Laboratories at Paulsboro, New 
Jersey and is based on techniques and knowledge ac- 
quired in the development of the TCC process. The 
process can be licensed from Socony-Vacuum Oil 
Company, Inc., and installed by authorized con- 
tractors such as Vulcan Copper and Supply Com- 
pany and Rust Engineering Company. 

The TPC system illustrated in the accompanying 
diagram comprises two main elements: a reactor and 
a heater, A bucket elevator is used to lift non-cata- 
lytic pebbles to the top of the unit where they are 
discharged into a heater. The heater serves to pre- 
heat the pebbles to the desired temperature level 
by direct combustion of fuel gas in the pebble bed. 
Any coke deposited on the pebbles in the cracking 
step is burned off in this stage. The hot pebbles 
flow by gravity from the heater into the reactor 
where the heat stored in the pebbles is utilized to 
preheat and crack the hydrocarbon feed. The cooled 
pebbles from the reactor flow through a throttling 
valve into the elevator which returns -them to the 
top of the unit for reuse. A specially designed baffle 
system is used to prevent channeling of the pebble 
flow in both the reactor and heater. 


The flow of hydrocarbons relative to pebbles 
through the reactor is countercurrent. The charge 
stock may be partially heated outside the reactor 
or may be introduced cold directly into the lower 
section of the reactor, where residual heat is avail- 
able in the pebbles for preheating or vaporizing the 
feed. Extremely high rates of heat transfer, in the 
order of 15,000 BTU/hr/°F/cu. ft. of pebbles are 
obtained in this type of reactor. Thus the charge 
stock is preheated to high temperatures very rapidly 
and undesirable cracking at low temperatures is 
minimized. The cracking temperature is controlled 
by the temperature of the pebbles entering the re- 
actor and the ratio of pebble circulation rate to hy- 
drocarbon charge rate. The hydrocarbon contact 
time is controlled by the vapor rate through the re- 
actor and the bed depth. The cracked vapors leaving 
reactor are quenched immediately to prevent decom- 
position of the ethylene. 

The TPC process is extremely flexible with re- 
spect to the type of charge stock processed. It can 
be designed to crack either gaseous or liquid feed- 
stocks. Crude oils or reduced crudes can be handled 
just as easily as distillate stocks since any carbon 
formed on the pebbles during cracking is continu- 
ously removed from the reactor. Carbon deposited 
in this manner is an advantage with the TPC proc- 
ess since it lowers the external fuel requirements in 
the heating stage. 

Charge stocks ranging from ethane to reduced 


crudes have been evaluated for ethylene and aro- 
matics production. The preferred operating condi- 
tions vary with the charge stock but generally fall 
within the following range: 
Pebble to hydrocarbon feed ratio, weight 
Pebble preheat temperature, °F. 
Hydrocarbon contact time, seconds 
Pressure, psig. 0-5 
Steam, percent weight of charge 0-100 
The product distribution obtained from TPC crack- 
ing East Texas Crude for ethylene is shown in Table 
I. The aromatic content of the 150-500° F. liquid frac- 
tion from an operation such as that shown in Table 
I would be about 50 percent. The aromaticity can be 
increased to 90-95 percent by increasing the contact 
time. Typical yields of pure aromatics from this type 
of operation on East Texas Crude are as follows: 


10-20 
1400-1800 
0.1-2.5 


Yield—percent 


Aromatic 
wt. of charge 


Benzene 

Toluene 

X ylenes 

Coe Cia PUNRENES.... wick ccasics eescun eee 0. 
as ee Wide: FOP RIES 0 oc ok 6 6 ccew hs #seweceueeee 1.0 
Naphthalene 

1—Methyl Naphthalene 

2—Methyl Naphthalene 


eee ee 
PE, vaewhay aes. Wa xb waep dee oie k « otn Oe 
Ethylene Mol percent of C: and lighter. 


The application of the TPC process is not limited 
to the production of ethylene and aromatics. The 
cracking of liquid petroleum stocks to produce gase- 
ous fuels for use either directly or as enrichment for 
industrial or domestic heating is potentially also 
very attractive. 

Table I 


TPC Cracking East Texas Crude for Ethylene Production 
Properties of Charge Stock: 
Gravity, A.P.I. 
Aniline Point, ° 
Boiling Range, ° 
IBP 
dk ETT OTE CCRT ee 
Oe PPE ee ere 
80 percent 
Pebble Preheat Temperature, ° 
Aromatic Yield—percent 
wt. of charge 


Hydrogen 0.7 


Methane 
EP ee re ane 
Ethane 


Propane 
Butadiene 
Butylenes 
Butanes 
Total Liquid 
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3 THE FIELDS broadly outlined 
below, Blaw-Knox is an important 
and widely-recognized factor. If they 
apply to your business, we invite 
an engineer-to-engineer discussion. 
Blaw-Knox engineers combine ex- 
perience and knowledge helpful in 
meeting changing production con- 
ditions. This experience and knowl- 
edge may be of great help to you. 


Representative of Blaw-Knox prod- 
ucts and services are the following: 


Design and construction of complete 
CHEMICAL AND PROCESS PLANTS * 
PROCESS EQUIPMENT and machinery 
for the chemical and food industries. 


STEEL AND ALLOY CASTINGS giving 
maximum resistance to wear, heat 
and corrosion. ¢ MILLS, AUXILIARY 
MACHINERY, ROLLS and other special 
equipment for the steel and non- 
ferrous industries. * PIPING SYSTEMS 
for high pressures and temperatures. 
* AUTOMATIC SPRINKLER, fog and 
deluge systems. * RADIO TOWERS 
and antenna supporting structures 
for all types of broadcasting and 
communications. * ENGINEERED 
BUILDINGS for industry and agri- 
culture. * CONSTRUCTION MACHINERY 
for building roads, airports, and 
public works. * STEEL FORMS * 
CLAMSHELL BUCKETS * STEEL GRAT- 
ING * ENGINEERING SERVICE in the 
design of special machinery and 
processes for industry at large. 


THEIR HEADS TOGETHER 


OPERATING 
AND SALES DIVISIONS 
Biaw-Knox DIvIsIoNn 
BLAwW-KNox SPRINKLER DIVvISION* 
BuFLOVAK EQUIPMENT DIVISION 
CHEMICAL PLANTs DIVISION* 
Lewis Founpry & MAcHINE DIVISION 
NATIONAL ALLOY STEEL DIVISION 
PITTsBURGH Rois DIVISION 
PoweER Pripinc DIvIsIoNn 
UnNIon STEEL CAsTINGs DIVISION 
BuFLOVAK MipweEst Co. 


*Operates as a division of 
Blaw-Knox Construction Company. 
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Air Motor with 
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ag on your clogged up tubes with the heavy deposits 
sticky scale! 
ough-to-clean tubes are “duck soup” for this extra 
bwerful Wilson EP Series motor. Size for size, it gener- 
es up to 40%, more power—on the curves or in the 
straightaway—than ordinary motors. It drives through 
heavy deposits without stalling or slipping. 

Yes, after years of proven performance, this same 
Wilson EP Series motor still leads the field for power, 
speed and economy. 

The secret of these extras in power, speed and econ- 
omy? It’s in the six-bladed, light-bladed construction. 
With the EP motor you get higher torque at any speed 
because six blades produce a smoother flow of power 
. .. 12 powerful impulses per revolution. Light blades 
eliminate the need for expensive cylinder replacement. 
Automatic valving of operating air means less air-con- 
sumption . . . a minimum of back pressure. Its six blades 
eliminate “dead” center . . . make it easy to start—hard 
to stall. Why not see your local Wilson Representative 
about cost cutting EP Motors today? 


THOMAS C. WILSON, INC. 
21-11 44th Avenue, Long Island City 1, N. Y. 
Cable Address: “TUBECLEAN”, New York 
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Continuous Shale Retorting Process 


UNION OIL COMPANY OF CALIFORNIA 


es continuous shale retorting shown in the accompanying photo- 
process employs a new underfeed graph has a shale throughput ca- 
principle with countercurrent flow pacity of about 2 tons per day. 

of shale and air. The pilot plant Shale, introduced to the kiln at 


the bottom, passes through a liquid 
seal and drops into the feeder meeh- 
anism by gravity. Subsequently it 
is forced upward through a slotted 
cone and above that through the 
slowly expanding shell of the kip 
itself. A blower takes suction from 
the space outside the slotted cone 
and above the liquid seal and draws 
air down through the moving body 
of shale in the kiln. This air is first 
preheated by the hot spent clinker 
at the top of the kiln, burns off the 
residual carbon on the clinker in 
the next portion of the bed to sup 
ply the heat for distillation of the 
oil from the shale in the central 
section of the kiln. In the lower 
portion of the bed the distilled ail 
together with the combustion gases 
are cooled to nearly atmospheric 
temperature by heat exchange with 
the cold shale being fed upward. 
The oil and gaseous products afe 
disengaged from the shale bed 
through the slotted cone and are 
drawn through a cyclone where the 
oil is separated and the gases are 
taken overhead. The spent clinker 
at the top of the kiln is broken up 
by a rotating plow and discharged 
into an annular collecting chute 
leading to a disposal bunker, 

All the heat necessary for retort 
ing the shale is supplied by com 
bustion of the residual carbon On 
the clinker, and the heat available 
from burning the stack gases & 
more than sufficient to meet 
power requirements of the plant 
Since all heat exchange occurs Mi 
the kiln itself, expensive inter 
changers are eliminated and 0 
cooling water is required. 

This process, being continuols 
and countercurrent, has many at 
vantages over shale retorting me 
ods presently used. Nearly “perf 

heat exchange is attained in 
unit, allowing the use of a V@) 
short bed. Recovery of oil, from tt 
shale consistently averages 100 p& 
cent or better of the standard assay 
value for the shale being fed. 
unit has a very high throughptt 
for its size, and the equipment © 
quired is comparatively simple 
inexpensive. 
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CONTINUOUS SHALE RETORTING PROCESS 
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Catalytic Oil Conversion 
Processes 


Tue large scale development and adoption of catalytic cracking proc- 
esses is one of the most impressive and dramatic achievements of the 


process division of the oil industry. 


Growing demand for gasolines of higher anti-knock properties brought 
about the design and construction of the fixed bed catalytic cracking units 
in the middle and late 1930's. These units were intended for peacetime 
operation in competition with the thermal cracking processes, and were 
successful, several plants being placed in commercial operation. The 
aood yields of high quality aasoline obtained throuch catalytic cracking 
stimulated intensive research and development activity on the -part of 
several major operating and engineerina companies. Continuous catalytic 
cracking processes were devised and pilot plants built. 


War brought a heavy demand for aviation base stock and the industry 
initiated a tremendous construction program to create the needed cata- 
lvtic cracking capacity. All types of catalytic cracking processes were in- 
cluded in this program. Plants were built with fixed bed reactors, with 
moving bed reactors and bucket elevators for catalyst transfer between 
senarate reaction and regeneration vessels, and with ‘fluid bed” reactors 
and regenerators having catalyst transfer by vapor carrier system. The 
plants, numerous and large, based on little operating experience, except 
in the case of the fixed bed process, were vitally essential to our war 
effort, and were to a remarkable degree successful from the time of initial 
operation. 


This wartime program in a brief period established catalytic crackina 
as the predominate process for the conversion of gqasoils into gasoline, and 
relegated thermal cracking to a secondary position. 


The catalytic cracking of naphthas for octane improvement has found 
considerable application in recent years. Hydroforming, a process in which 
naphthas are reacted in the presence of hydrogen. was originally devel- 
oped as a means for converting straight run navhthas to high octane 
gasoline levels. The process gives high yields of aromatic materials and 
as a consequence was extensively employed for the production of toluene 
for explosives manufacture during the last war. Installations at compara- 
tively few refineries proved adequate to supply the bulk of our wartime 
needs. The units built then for toluene production continue to serve now in 
gasoline improvement operations. 

Dehydrogenation processes found considerable wartime application in 
the manufacture of butylenes from butanes, but such plants have in many 
cases been shut down now that the critical shortage of butylenes is past. 

Hydrogenation processes, while capable of a number of useful refinery 
applications, have found their major employment in the conversion of iso- 
octenes from catalytic polymerization units into isooctanes for aviation 
fuels. 
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Thermofor Catalytic Cracking Process 





HOUDRY PROCESS CORPORATION 


‘Sia E Thermofor Catalytic Cracking (TCC) Proc- 
ess is of the moving-bed type and is licensed by 
Houdry Process Corporation. 

As shown in the flow diagram the major parts of 
the catalytic section consist of reactor, kiln, and 
catalyst elevators. The reactor is a cylindrical vessel 
with catalyst and vapor inlets at the top and a cata- 
lyst-vapor disengager and oil-purge section at the 
bottom. Catalyst pellets flow downward by gravity, 
along with the hydrocarbon vapors, forming a solid 
moving bed. The depth of catalyst bed in the reactor 
is variable and controls the space velocity. After 
passing through the reaction zone the catalyst con- 
tains a small amount of carbonaceous deposit. Oil 
vapors and adsorbed oil are purged from the catalyst 
and surrounding voids in the purge zone after which 
the catalyst flows into the spent-catalyst elevator 
which operates at atmospheric pressure. This ele- 
vator transports the catalyst to the top of the kiln 
where it is discharged into a hopper feeding into the 
kiln. The catalyst flows downward by gravity 
through the kiln and the carbonaceous deposit is re- 
moved by zone regeneration with air at about 1.0 
pound gauge pressure. Each burning zone has its 
own air supply and water-cooling coils, permitting a 
close control of catalyst temperature which thereby 
protects the catalyst from deactivation by excessive 
temperatures. 

The kiln is designed to effect substantially com- 
plete removal of carbon from the catalyst by provid- 
ing the required number of zones and residence time 
in each zone. Regenerated catalysts from commercial 
kilns normally average 0.2 weight-percent carbon or 
less. Most of the heat of combustion is converted into 
high-pressure steam by circulating water through 
the cooling coils and flashing in a separate steam 
drum. 

The regenerated catalyst is returned from the bot- 
tom of the kiln by a second elevator to the reactor 
hopper, completing the catalyst cycle. On units 


charging less than 7000 barrels per day, a single 
elevator having partitioned buckets carries both 
spent and regenerated catalyst streams. 


It should be noted that the elevators operate at 
atmospheric pressure, providing a positive separa- 
tion of the kiln and reactor and assuring that a mo- 
mentary upset on either kiln or reactor will not force 
a shutdown of the unit. 

Catalyst within the TCC unit is maintained at 
maximum particle size by continuously by-passing 
a small portion of the regenerated catalyst stream 
through an elutriator where fines are separated with 
countercurrent air flow. Whole catalyst pellets from 
the elutriator then flow by gravity to the regenerated 
catalyst elevator. 

An inert-gas seal is used to prevent the loss of 
hydrocarbon vapors out the top of the reactor. As 
shown, flue gas from the kiln or from the flue-gas 
generator is introduced at the bottom of a catalyst 
seal leg located between the feed hopper and reactor, 
The length of this seal leg is sufficient to providea 
pressure drop exceeding the reactor pressure. The 
main part of the seal gas is vented to the atmosphere 
from the feed hopper, with a small portion passing 
through the reactor. 

Aside from the catalytic equipment described 
above, heat exchange, fractionation, etc., are conven- 
tional. 

The scheme of charge preparation shown in the 
flow diagram consists of heating reduced crude and 
flashing at approximately 15 psig pressure. The 
flashed distillate comprises the TCC charge. If de 
sired the flashed residue may be vacuum-distilled or 
propane-deasphalted to obtain additional charge. In 
this situation the recovered heavy gasoil is heated 
to 700-800° F. and injected as a liquid at the topof 
the reactor. 

The following table presents typical yields froma 
commercial plant using synthetic catalyst and crack 
ing a coastal naphthenic charge stock in an essef- 
tially single-pass operation: 


Cracking Coastal Naphthenic Gasoil for Motor Gasoline 








OCTANES 


DISTILLATION CFR-M 





Vol. 
Percent 


10 


Percent 


3 cc Percent 


TEL 


50 


Percent Clear 


Percent 





Charge 100 
Products: 
10t R.V.P. TCC Motor- 
Gasoline*. . 
Excess C4 Fraction. 
Catalytic Gasoil 
Liquid Recovery ‘C4+) 
Gas, Weight Percent 
e, Weight Percent. 














472 


624 0.14 


























SUMMARY OF OPERATING CONDITIONS 


Total Space Velocity V./Hr./V.** 0.75 
Catalyst ....+.Bead 
Catalyst Activity Index......... 36 


.. None 
Flow Concurrent 


Vapor Inlet Temp. °F... .... 
Catalyst Inlet Temp. °F .... 
Avg. , psig... 


. 924 
. 950 
. 50 


* Cu Dish Gum—6 mg; ASTM Gum—3 mg; Oxygen Bomb Stability 20 + Hrs. 


** Contains 5.3 vol. percent of internal recycle. 
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ATMOSPHERIC CRUDE DISTILLATION 

Vacuum CrubeE DIstTILLATION 

AspHALT MANUFACTURING 

CrupbE STABILIZATION 

THERMAL CRACKING 

THERMAL REFORMING 

CaTatytic CRACKING 

CaTatytTic POLYMERIZATION ] «x. i . 
LusricaTInG Ort REFINING 

Vapor RECOVERY 


TREATING OF GASOLINE AND 
OTHER PRODUCTS 


SyntTHETIC PETROLEUM PropucTs 
Gas ABSORPTION 
Power GENERATION 


Borter PLANTs 


ALL OTHER REQUIRED, FACILITIES 
FOR COMPLETE REFINERIES. 
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Fluid Catalytic Cracking Process 





STANDARD OIL DEVELOPMENT COMPANY 


2 oe Fluid catalytic cracking process is a basic 
refinery tool of great importance in modern refining 
operations. This process has come into existence 
primarily because of its ability to produce greater 
yields of gasoline of a higher octane number than 
the thermal cracking process, which it has largely 
displaced. The Fluid technique is also being adapted 
for conversion of natural gas into liquid products, 
where it represents an advancement over the Fischer- 
Tropsch process. Technique of this process has wide 
potential application in other petroleum refining 
processes as well as in the chemical and other in- 
dustries. 

In the Fluid process, finely divided 
suspended in gas or vapor so that it flows through 
the equipment with flow characteristics resembling 
a liquid. Thus, it circulates continuously between 
reaction and regeneration zones. The heat from the 
regenerator is transferred to the reactor, thereby re- 
placing the need for cooling surface in the regenera- 
tor and reducing the preheat requirement for the 
feed. 


catalyst is 


Catalyst circulation is maintained without me- 
chanical means by the use of standpipes. The column 
of catalyst in the standpipe is maintained in a fluid- 
ized state by addition of aeration gas, so controlled 
that the density is substantially greater than the 
catalyst vapor mixture in the connecting riser to 
the adjoining vessel. Due to the difference in densi- 
ties of the catalyst- vapor mixtures in the standpipes 
and risers, circulation is made possible. By operat- 
ing the vessels at relatively low velocity, a bed 
dense solids is formed due to their tendency to settle 
which makes it possible to obtain the necessary 
catalyst holdup in vessels of moderate size. 

With reference to the flow diagram, oil feed is 
injected into the hot regenerated catalyst, which 
supplies the required heat. The catalyst rate is regu- 
lated to maintain required reactor temperature. This 
catalyst-vapor mixture flows into the reactor, where 
the catalyst begins to settle, forming a dense bed, 


which resembles a violently boiling liquid with q 
rather clearly defined level. Vapors leave the top of 
the reactor through separators which return most 
of the entrained catalyst to the béd. Cracked prod 
ucts then are processed in conventional fractionating 
equipment, in which any remaining catalyst is con 
centrated for return to the reactor. ; 

In the reaction step, the catalyst accumulates @ 
carbonaceous deposit in the form of coke. The spent 
catalyst is removed from the reactor through @ 
stripping zone, for removal of retained hydrocar 
bons, and transferred in suspension with air to the 
regenerator, where the coke is removed by com 
bustion. The heat released is absorbed by the cirew 
lating catalyst. Flue gases ieave the regenerator 
through cyclones, where the catalyst content is re 
duced to a low value, and may he ‘cooled in conven 
tional waste-heat oilers. 

The process data shown are for a typical gas oil 
operation. High yields of motor gasoline are obtained 
with clear octane humbers of 81-83 ASTM and 92-99 
CFR. By-products, such as isobutane and light ole 
fins for alkylation, polymerization, LPG or for sym 
thetic-rubber ingredients are recovered. 

Feed stocks in commercial operation range from 
naphtha cuts to heavy gas oils and deasphalted 
residuums. Recycling operations have been found 
attractive in some instances. Flexibility of the prot 
ess has been demonstrated through uninterrupted 
runs of more than a year, and by general high 
service-factor levels. High catalyst recovery has been 
established in commercial plants, based on a ciretr 
lation rate corresponding to a loss averaging about 
0.25 pounds per barrel of feed. 

Fluid process units now operating or under dé 
sign and construction throughout the world repre 
sent an operating capacity of approximately 1,400; 
000 barrels per stream day, or more than half the 
total catalytic cracking capacity. Capacity of the 
units ranges from 2,000 to 41,000 barrels per stream 
day. 
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-PHASE and DUO-GRAVITY 
CONTINUOUS 


| 7 . 





Achieve two-phase continu- 
ous drainage of water, con- 
densate or oils from pressure 
systems. Ideal for use as 
steam traps on fractionators, 
reboilers, kettles, other 
equipment using steam for 
heat. 


Type 90 is for systems oper- 
ating at pressures up to 500 
psi. Type 140 is for high 
working pressures. It can 
also be employed as a level 
control on high gravity and 
corrosive liquids. It, too, can 
be used in inverted position 

. . GS Gn Gir, gas or vapor 
eliminator from pressure sys- 
tems. Write today for full 
information. 





controls Division] 


PRESSURE BALANCED 


: Diaphragm Regulators 


‘You can match your specifica- 
tions and be assured of superb 
performance with the big full line 
of Climax Diaphragm Regulators. 


Rugged, dependable, precise . . . 
they are made for superior serv- 
ice with liquids or gases. Ideal 
for back-pressure, pressure reduc- 
tion, fuel lines, steam service line 
applications; scores of other pur- 
poses. Write for complete de- 
scription, specifications. 









The Original 
TORSION TUBE 


LIQUID LEVEL 
CONTROL 


For external mounting on vessels, kettles 
separators, receivers and other units where 
you can isolate the controller without 
shutting down system. Float sizes from |4 
to 120 inches. Cast steel housings 
pressures up to 1000 psi; fabricated ste? 
for higher pressures. Special types avo" 
able for corrosive service. 

Incorporates famous Climax Pilot Cot 
troller for on-off or up to 300% throt- 
tling range. Overcomes “hunting’ actio" 
assures lined-out control. 


















—— 
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TULSA, OKLAHOMA 








for SUPERIOR QUALITY in 


PRESSURE + FLOW + LIQUID LEVEL « TEMPERATURE 
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aie DIAPHRAGM Controls serve process in- 
dustries with accurate, dependable control of flow, 
temperature, pressure and liquid level in the handling 
of air, gas, vapor, steam and liquid. Particularly in 
the chemical, high octane gasoline and synthetic rub- 
ber industries, where dependability and ruggedness 
are first requirements—Climax Controls are known and 
in demand. Write today for catalogs. Climax engi- 
neers are always available for consultation, without 
obligation. 


— 


. DIAPHRAGM CONTROL VALVES || 


CLIMAX 


ENGINEERING CO. 
-Controls Division- 


IS NORTH CINCINNATI 


i. nesta 
Type 15 15—Espe- 
cially designed for use 
in pilot plants where 
small size is a require- 
ment. Unique, patented 
reversible top-works 
Provides for easy 
change from normally 
closed to normally 
Open ond the reverse, 


CONTROL VALVES 
















TYPE 86 


“‘High-lift,”’ ‘‘characterized”’ 
plugs for wide rangeability 
and proportional flow in- 
crease — large diaphragm 
areas and high spring load- 
ings minimize ‘“‘hysteresis.”’ 
All double-port and single- 
port reverse structures fully 
reversible in field. 


Type 15DRT Designed for high pressure 
shut-off —ideal for high pressure gas lines. 


without dismantling. 
Screwed bonnet con- 
struction —cooling fins 
for temperatures 


—_— 
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Fluid Catalytic Cracking Process 





THE M. W. KELLOGG COMPANY 


ie primary purpose of the Fluid Process as with 
other petroleum cracking operations is to break down 
long-chain and high-molecular-weight hydrocarbons 
into molecules boiling within the gasoline range. The 
Fluid Process differs from other catalytic-cracking 
processes in that the reaction is effected by a powdered 
catalyst which is circulated essentially as a fluid with 
the oil to be cracked. Advantages of the system as a 
means of controlling and handling catalyst are: 

(1) A highly turbulent bed in the reactor provjdes inti- 
mate contact between catalyst and vapor. 

(2) The ability to control reaction conditions closely over 
a wide range produces optimum yields with uniform quality 
of products. 

(3) Continuous uniform regeneration is 
minimum degradation of catalyst activity. 

(4) The fluid catalyst may be circulated freely without 
regard to limitations of mechanical transfer equipment. 
Flows are maintained by self-perpetuating hydrostatic 
heads. 

(5) Heat is conveyed from the regeneration system to 
the reaction system without the danger of thermal cracking 
and coking. 

Hot catalyst at a temperature of approximately 
1100° F. passes from the regenerator into the re- 
generator standpipe down which it flows to the oil- 
injection point where it flash vaporizes the fresh-oil 
charge which has been pre-heated to balance the total 
heat requirements of the reaction. 


obtained with 


The mixture of oil vapors and catalyst is forced 
up the reactor-feed line by the pressure head main- 
tained in the regenerator plus the force of gravity 
exerted on the dense catalyst in the catalyst stand- 
pipe, the pump serving merely to bring the oil to the 
oil-injection point. 

The hot mixture enters the reactor where the cata- 
lyst settles to a definite level and forms a “bed,” 
depth of which regulates the time of reaction, and can 
be varied at will. The bed is maintained in a fluid, 
turbulent condition by the entering feed vapors. Con- 
tinually passing upward, these vapors effect intimate 
contact of oil with catalyst and produce a uniform 
temperature (900° - 950° F.) throughout the bed. As 
cracking progresses, coke forms on the catalyst. 

The spent catalyst, laden with coke, is continually 
and automatically withdrawn through a slide valve 
to the spent-catalyst stripper where the adsorbed and 
entrained vapors are dissociated from the catalyst 
and carried by a counter-current stripping medium 
back into the top of the reactor vapor space. Spent 
catalyst separates from the oil vapors by gravity, 
@rops into the spent-catalyst standpipe and through 
an automatically controlled slide valve to the air- 
injection point where its density is reduced by a cur- 
rent of air which “fluffs up” the catalyst so that it 
flows as a fluid up the regenerator return line. 

The oxygen in the air admitted for “fluffing up” 
purposes continuously regenerates the catalyst by 
burning off coke. This action brings the catalyst to 
a temperature of about 1100° F. and makes it an 
effective heat-transfer medium for vaporizing the 
fresh-oil feed and supplying the heat necessary for 
the cracking reaction. The reactivated hot catalyst is 


92 





retained in the regenerator and is constantly with- 
drawn into the standpipe for re-use as needed. 


combustion gases pass through cyclone sepa- 
rators in the top of the regenerator where they fol 
low a high-velocity spiral path which throws the 
heavier catalyst particles to the outside of the sepa- 
rator by centrifugal force. The recovered catalyst is 
returned to the bed while the flue gases enter the 
regenerator exit line and pass through the flue-gas 
cooler where their contained heat is used to generate 
high-pressure steam by heat exchange with water, 

The cooled flue gases then pass to the electrical 
precipitator. Flue gases are vented to the atmosphere, 
Recovered catalyst passes from the precipitator into 
the recovered-catalyst line and is blown back to the 
regenerator. 

The combined hydrocarbon gases from the spent 
catalyst stripper and the reactor join in the vapor 
space above the catalyst bed and enter cyclone sepa- 
rators where catalyst is recovered and returned to 
the main bed. The cracked gases pass through the 
reactor overhead line to the fractionator scrubbing 
section where the small quantity of residual catalyst 
fines is diverted to the bottom of the fractionator 
and passes with the heaviest oil to the slurry settler, 
an integral part of the fractionator in which the 
catalyst settles out by gravity. The clarified decanted 
oil is withdrawn from the top of the settler for use 
as fuel oil or for further processing. 

The thickened catalyst slurry passes into the cata 
lyst-return line and is returned to the reactor. This 
completes the circuit of catalyst in the system. 

The vapor stream entering the fractionator passes 
upward from the scrubbing section through the bub 
ble plates of the fractionator and usually is separated 
into wet gases, unstabilized gasoline, light gasoil, 
and heavy gasoil. 

The heavy gasoil, or the entire fractionator side 
stream, can be diverted for a recycling operation to 
the recycle-oil line and so returned to the reactor for 
further cracking with the fresh feed. 

The table shows results obtained from single-pass 
operation at 50 percent conversion level on five rep 
resentative feed stocks. 


The 


Comparison of Single Pass Yields at 50 Percent Conversion 
Gasoils from Representative Crude Sources. 
Synthetic Catalyst. 900° F. 














West Mid- East 
| Texas | Coastal} Cont. | Venez. | Arab. 
Product Inspections— 
Propylene in Propanes—Vol. Percent -—. | a oe 70 | 
Butane-Butene Fraction: 
Butenes—Vol. Percent | 58 | 55 | 88 4 60 
i-Butane in Sats.—Vol. Percent... 4 @ fF 83 83 
Debutanized Motor Gasoline: | 
Reid Vapor Pressure—tb. 6.1 62 | 63 65 | 70 
Gravity, °API 55.1 | 55.0 56.9 56.0 | 570 
ASTM Percent (D plus L) at 158°F....| 27 | 27 | 28 7 | # 
212 | 50 50 | «(51 49 | & 
284 6s | 7 | 7 70 | ® 
356 SS | 2B ie 90 90 
Octane Numbers— | | 
ASTM—Clear 81.1 | 82.0 | 82.0 80.5 | 820 
CFRR—Clear 4.6 | 95.0 | 95.1] 94.2 96.0 
Total Cycle Oil: 
Gravity, °API 245 | 230 | 268 | 25.0 260 
ASTM 50 Percent Pt. °F. 600 | 610 | 604 | 580 | 55 
= 








Licenses for this process are obtainable from The 
M. W. Kellogg Company. 
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Oue of the several jobs engineered and built by M. W. 
Kellogg under a master contract . . . complete refinery 
in the Rocky Mountain area. 
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The ‘‘Master’’ Contract 
—GOOD OR BAD? 


VEN before the last war, a definite 

trend seems to have been established 
which has become accelerated in recent 
years—in favor of the so-called “master” 
contract. 

Under this type of contract al] engi- 
neering and construction work to be 
undertaken at any particular refinery site 
is placed with one engineering contrac- 
tor—instead of being distributed among 
several. 

From our experience—in the building 
of complete domestic refineries at Den- 
wer, Lake Charles, Salt Lake City and 
currently at East Chicago, Indiana, plus 
complete foreign installations made in 
Palestine and currently contracted for 
in Brazil, Canada, Argentina and the 
British Isles—there are definite and di- 
fect advantages in this method of opera- 
tion which are probably the reason for 
the increasing number of “master” 
Contracts being let. 

For instance, the “master” type con- 
tact offers to the refiner—big or small, 


L. Concentration of overall process 
responsibility 
+. with consequent increase of 
efficiency of final plant and more 
profitable employment of refiner’s 
Own staff 


2. Integrated process planning 
... providing actual initial capital 
savings and continued improved 
operating efficiency 

. Coordinated mechanical 
engineering 
...eliminating costly hours of 
coordinating time and job site 
alterations 


. Uniformity of engineering 
specifications 
... providing economy in main- 
tenance and spare parts inventory 


. Centralized purchasing of 
materials and equipment 
...permits allotment of scarce 
materials in accord with desired 
completion schedule 

6. Simplified field administration 


and accounting 
...removing the necessity of 





by 
Warren L. Smith 
Vice President of The 
M. W. Kellogg Co. 











duplicate facilities by several con- 
tractors in the field and the concur- 
rent extra work at home offices 


. Elimination of competition 
for local labor 
... expediting construction and 
insuring minimum labor costs 


. Uniform labor policy at job site 
... with resultant improvement of 
man-hour efficiency 


. Maximum economy in use of all 
labor at job site 
... through the flexible inter- 
change of crafts from one unit to 
another 


10. Saving in temporary facilities 
at job site 
... by dispensing with duplicate 
utility lines and housing for tools, 
supplies and labor 


11. Reduced tool expense 
_,,.through full time use of all 
tools on various units 


Detailed discussion of each of these 
advantages accruing to the refiner who 
selects the “master” contract operation, 
by specialists in various phases of refin- 
ing engineering and construction, are 
available in printed form on request. 





Our company—M. W. Kellogg—is completely staffed and equipped for refinery and chemical plant 
design and construction, from the step of laboratory research through the initial operation of 
completed plants. It periodically issues a publication called the KELLOGGRAM, which 
describes many of these services. If you are not already receiving it, we will be glad to add 


your name to the list if you will just drop us a line at 225 Broadway, New York 7, N. Y. 


NEW Yor « 
oa 


JERSEY CITY 


LOS ANGELES 


TULSA HOUSTON 


A SUBSIDIARY 
OF PULLMAN, INC. 


TORONTO LONDON PARIS 
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Fluid Catalytic Cracking Process 





UNIVERSAL OIL PRODUCTS COMPANY 


, ae fluid catalytic cracking process is adaptable 
to the needs of large and small refiners. Units de- 
signed by Universal Oil Products Company, in ca- 
pacities ranging from 2600 to 18,000 barrels a day, 
have been in successful operation for years. UOP im- 
proved fluid catalytic cracking units can be built and 
operated at costs comparing favorably with the cost 
of thermal cracking units of comparable capacity. 

Development and commercialization of the fluid 
catalytic cracking process marks an important for- 
ward step in petroleum refining. The process pro- 
duces gasoline of a different character from that 
produced by thermal cracking. 


The process is flexible both as to charging stock 
and products. It can successfully crack kerosine, light 
or heavy gasoil and some types of reduced crude. It 
can be operated to produce either aviation gasoline, 
high grade motor gasoline or raw materials for the 
production of chemicals and synthetic rubber. 

Principal modifications in the improved unit as 
compared to the units of earlier design are: 


1. In the small size units the reactor and regenerator have 
been combined in a single tower which is erected as a self- 
supported column. The heavy structure required in the earlier 
units has been eliminated. 

2. The large regenerator riser has been eliminated, and the 
regenerator standpipe has been considerably shortened. There 
has been a general reduction and simplification of small 
piping. 

3. Efficiency of the reactor and regenerator has been im- 
proved by the use of additional distribution grids. 


4. The air supplied for combustion passes through the 
regenerator countercurrent to the catalyst. This permits 
multistage stripping and more complete utilization of oxygen. 

The oil feed is charged as a liquid at the base of 
the reactor riser, while hot catalyst from the regen- 
erator enters the riser at the point of oil injection, 
supplies the process heat requirements and is trans- 
ported upward by the vaporized oil into the reactor. 
Spent catalyst is continuously withdrawn from the 
upper part of the reactor dense phase to hold a level 
in the reactor, and passes downward through the 
stripping section into the regenerator. Three zones 
are available for stripping in this design. The strip- 
ping medium is injected at the bottom of both the 
internal and the external strippers. Additional strip- 
ping of the spent catalyst is obtained in the upper 
section of the regenerator where the bulk of the flue 
gas from the combustion of coke in the lower sec- 
tions contacts the incoming catalyst. The catalyst 
passes downward through the regenerator counter- 
current to the air supplied at the bottom for re- 
generation. 

Regenerated catalyst flows from the lower section 
of the regenerator to the reactor riser at a rate con- 
trolled to maintain a Constant reactor tempera- 


a 


ture. The regenerator flue gas is vented to the at- 
mosphere through an internally mounted cyclone 
separator which recovers entrained catalyst. The hy- 
drocarbon products from the reactor pass to the 
fractionator likewise through an internally-mounted 
cyclone separator which recovers entrained catalyst 
and returns it to the catalyst bed. 

By building the regenerator below the reactor it, 
is now possible to pass the air for . regeneration 
countercurrent to the flow of catalyst. With the 
countercurrent flow and staging of the regenerator 
with grid plates the oxygen content of the outlet 
gas can be reduced to % to 1 percent while in previ- 
ous units two to three times as much unused oxygen 
normally escapes from the regenerator. This feature 
of the new design was not possible in the older 
units. 

The latest type unit can utilize either synthetic or 
natural catalyst. In its most simple design synthetic 
catalyst which has-a microspherical form is used. 
Because of the spherical shape of the particle .and 
its greater strength as compared with the ground 
powdered catalysts used during the war, this catalyst 
has very low erosion and attrition rates. In addition, 
the M.S. catalyst is much more uniform in particle 
size than the ground catalyst. Because of the reduced 
formation of fines by attrition, plants using M.S. cat 
alyst can dispense with secondary catalyst recovery 
on the gas from the regenerator while still maintain- 
ing a low catalyst loss. 

Economic consideration of market requirements 
and operating costs will'govern the choice of catalyst. 
The silica-alumina catalyst gives the highest octane 
number but a lower gasoline yield, while somewhat 
more gasoline having a lower octane number is pro 
duced from the natural catalyst. 

The table below shows the yields obtained in pilot 


plant once-through and recycle cracking of 31° API 
Mid-Continent gasoil over silica-alumina catalyst. 


Fluid Catalytic Cracking 31° API Mid-Continent Gasoil 
(Silica-Alumina Catalyst) Pilot Plant Results 
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Recent developments in the field of organic chemistry have 
resulted in many new processes which have made necessary 4 


wide variety of catalysts. Harshaw pioneered in the development 


of preformed catalysts. Not only do we have wide experience in 


the development and use of tabletted and extruded catalysts, but 
in addition, we have a large capacity for producing them. If you 


have a catalyst problem, a discussion with us may be helpful. 


THE HARSHAW CHEMICAL CO. « CLEVELAND, OHIO 


CHICAGO - CINCINNATI + DETROIT - HOUSTON - LOS ANGELES + PHILADELPHIA - PITTSBURGH + NEW YORK 
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¢|/ AND CATALYTIC CHEMICALS 


for 


HYDROFORMING 
CYCLIZATION 
OXIDATION 
DEHYDROGENATION 
HYDROGENATION 
DEHYDRATION 
DESULPHURIZATION 
ALKYLATION 
ISOMERIZATION 


HARSHAW 


TYPICAL CATALYSTS 


Aluminum Chloride Anhydrous Boron Trifluoride 
Boron Fluoride Addition Compounds Hydrogen Chloride Anhydrous 
Hydrofluoric Acid Anhydrous 
Activated Alumina Tungsten Alumina Magnesia 
Chrome Alumina Cobalt Nickel 
Molybdena Alumina Copper Vanadium 


We offer our manufacturing facilities and the collaboration of our research 
staff for developing catalysts fitted to your various processes, 


THE HARSHAW CHEMICAL CO. - CLEVELAND, OHIO 


CHICAGO - CINCINNATI + DETROIT - HOUSTON + LOS ANGELES + PHILADELPHIA - PITTSBURGH « NEW YORK 
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Fixed-Bed Catalytic Cracking Process 





HOUDRY PROCESS CORPORATION 


Ly THE field of catalytic cracking the Houdry 
process employing fixed catalyst beds is the pioneer. 
The first commercial-scale plant was put in operation 
in 1936 and since then many additional units have 
been installed in both the United States and abroad. 
Two fundamental needs of catalytic cracking are 
to furnish heat during the endothermic cracking pe- 
riod and to remove heat during the exothermic re- 
generation, or the period during which the carbo- 
naceous catalyst deposit formed from the cracking 
reaction is burned. The fixed-bed type reactor or case 
has been designed to fulfill these requirements. 
Essentially, the reactors are tubular heat-exchange 
vessels. The catalyst bed lies in the shell side through 
which flow the oil or air vapors. On the tube side a 
molten mixture of alkali metal salts is circulated. 
Inasmuch as the net effect of catalytic cracking and 
carbon burn-off is exothermic, the circulated salt is 
used as a cooling medium. The high heat capacities 
of the steel reactor structure and of the catalyst bed 
have been major factors in design of equipment. 
Full utilization is made of the large quantities of 
heat evolved during operation. The bulk of the heat 
is removed from the reactors by the flowing molten 
salt, of which a part is circulated through a by-pass 
to the salt-steam generator and superheater and an- 
other portion through a salt-air heat exchanger used 
for preheating the regeneration air to the cases. The 
relatively cool salt returning from the boiler and air 
heater is fed again into the main body of salt, and by 
this means the total salt to the reactors is maintained 
constant at any desired temperature. The heat car- 
ried from the reactors by the regeneration gases is 
utilized in providing power to the gas turbine used 
to drive the compressor supplying regeneration air. 
Major improvements in the Houdry fixed-bed proc- 
ess have been affected during the past three vears by 
redesigning the reactor tubes and internal arrange- 
ments. The heat-exchange conditions have been im- 


Typical Houdry Fixed-Bed Operation Cracking Gasoil from Mixed Base Type Crude 


Once-Through Cracking for Motor Gasoline Production 
Gasoil from Mixed-Base Type Crude 


Type Process 
Type Charge Stock 
Type Catalyst—Synthetic 


proved and mechanical and process advantages have 
been obtained. Since the new design is a substantial 
simplification of the original, lower operating costs 
result by virtue of reduced maintenance and down- 
time for catalyst change and turn-arounds, All va- 
por distributing elements are now easily remoy- 
from the reactors and may, therefore, be 
removed and thoroughly cleaned on every catalyst 
change, assuring good distribution of the vapors and 
maximum yields of the desired cracked products, 
secause of the improved mechanical distribution 
thus attained and the higher on-stream efficiencies, 
greater production of high-octane gasoline results. 
Four 12-case Houdry units have been converted 


able 


to the new design to date and engineering is pres- 
ently underway for revamping six additional units 
to the new design. Experience in the operation of the 
modified reactors during the past three years indi- 
cates that not only are operating costs reduced and 
gasoline output increased, but improved gasoline 
quality has been achieved because of a greater supply 
of heat available within the catalyst mixture for the 
cracking reaction. 

The flow diagram shows the three essential parts 
of the Houdry system—(1) a furnace for vaporiza- 
tion of the charge to the reactors, (2) the catalytic or 
case section, and (3) the fractionating equipment for 
splitting the synthetic crude into useful products. 
Only three catalyst cases are shown, illustrating the 
least number generally employed in Houdry cracking 
plants. Larger plants employ multiples of three or 
four cases* with the reactors manifolded in pairs. 

An electrical timer transposes the cyclic operation 
of each reactor to a continuous operation of the over- 
all unit. The cycle is, briefly, that one reactor or paif 
is on-stream while a second is being regenerated and 
the third is on oil purge, air purge, or repressuring 
operation and undergoing the necessary valve 
changes. The purges are affected by steam-jet ejectors 
and, in addition, during the oil 
evacuation, sweeping steam is ad- 
mitted to the reactor. Motor 
operated valves actuated by im- 





Operating Conditions: 


pulses from the cycle timer as 


sure continuous oil and air flow 





Space Velocity, V/Hr/V 1.0 
Fg Raley! eam geee Mia = through the system, and appropri 
Time on Bream, Minutes | ate electrical interlocks preclude 
Time of Complete Cycle, Minutes 30 any mixing of the streams. 
y os By adjustment of the case op 
Percent erating variables such as tempera 
Charge} C.E.RM. ture, pressure, space rate, etc., the 
to Gravity 5 10 50 90 95 R.V.P. | Clear | Saybolt ° P f . 
Reactor | °API | Percent | Percent! Percent | Percent} Percent| (psi) | Octane | Color relative yields of gasoline, fuel 





gas and catalytic gasoil may be 


Charge: 
irgin G i 0.0 35.2 49 506 60 472 710 . . . 
— ee . oy oT Ss - 7 varied over a wide range. Typical 
Motor Gasoline 463 | 579] 115 127 232 368 99] 78.9 30 . 7 . 
Catalytic No.2 Fuel Oil. | 398] 325| 470 | 480-| 520 | 590 | 610 operating conditions, yields, and 
(ayy ee 1 18.0 | 588 600 650 710 inspections when cracking ga 
Gas, Cs & Lighter, for motor gasoline production are 
Jeight Percent 48 



































given in the accompanying table. 
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ENGINEERING COMPANY, 


DESIGNERS — MANUFACTURERS — BUILDERS 


Koch Engineering Company, Inc., furnishes 
complete engineering design and construction 
services for the following types of units: 


Atmospheric Crude Distillation 
Vacuum Crude Distillation 
Thermal Cracking and Reforming 
Catalytic Cracking 


Catalytic Desulfurization and 
Reforming 


Catalytic Polymerization 

H. F. Alkylation 

Close-cut Naphtha Fractionation 
Propane Deasphalting 
Lubricating Oil Plants 

Gas Compressor Stations 
Natural Gasoline Plants 
Chemical Plants 

All Types of Fractionators 


Illustrated at the right are Koch Kaskade frac- 
tionating trays installed in a 700 pound 
absorber. 


Large vapor and liquid areas of the Koch 
Kaskade trays afford 35 to 100 percent greater 
capacity with less pressure drop than bubble 
trays. Better contacting permits using only 80 
percent as many Koch Kaskade trays as bubble 
trays for the same separation. 


The Koch Kaskade tray sections are bolted to a 
liquid distributing plate. These sections are 
easily inserted or removed through a manway. 


Prompt deliveries can be made in any size from 
2' 4” diameter to any larger diameter desired, 
of carbon steel, stainless steels, Monel, copper 
or aluminum construction. 


Koch Kaskade trays will save 20 to 25 percent 
in installation cost, while providing smoother 
and more flexible operation. 


INQUIRIES ARE WELCOME — NO OBLIGATION, OF COURSE 


SEND FOR BULLETIN RHIO1 


OCH ENGINEERING COMPANY, INC. 


DESIGNERS — MANUFACTURERS —— BUILDERS 
335 WEST LEWIS STREET —— WICHITA, KANSAS 
*& BRITISH ASSOCIATES: MESSRS. A. F. CRAIG & COMPANY, LTD., PAISLEY, SCOTLAND * 
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Cycloversion Process 





PHILLIPS PETROLEUM COMPANY 


Cryer IVERSION or catalytic cracking developed 
by Phillips Petroleum Company, Bartlesville, Okla- 
homa, is available for license to the petroleum refin- 
ing industry through the Perco Division. 

This process is schematically similar to the Perco 
Catalytic Desulfurization and Catalytic Reforming 
Process elsewhere described in this Process Hand- 
book, and as a consequence Cycloversion may be 
used to accomplish desulfurization, catalytic reform- 
ing and catalytic cracking. 

The operation of the Cycloversion Process when 
catalytically cracking gasoil, is illustrated in the 
accompanying diagram. The fresh or recycle feed is 
charged to a heater where it is preheated to about 
980-1000° F. A small amount of steam diluent is 
added to the feed in the convection bank of the fur- 
nace to reduce carbon deposition on the catalyst, im- 
prove the octane rating and assist in vaporizing the 
The superheated oil-steam mixture 
at about 85 


charge stock. 
passes thence to the catalyst chamber 
psig where catalytic cracking is obtained in process 
cycles of periods of 2-10 hours. Waste-heat exchang- 
ers are provided at the catalyst-chamber outlet to 
recover a large amount of heat in steam production. 
From the waste-heat exchangers the product passes 
to the heat exchange and condensing equipment and 
onto the oil-water-vapor separator where the con- 
densed water is withdrawn, the vapors go to the 
recovery plant and the liquid hydrocarbon condensate 
to fractionation. 

Simultaneous with the processing of the hydro- 
carbon charge in the on-stream reactor, the alternate 
catalyst chamber is undergoing regeneration. Steam 
from the waste-heat exchangers is superheated to 
about 850° F. admixed with air and charged to the 
chamber on regeneration. The regeneration gases are 
passed to waste-heat exchangers and finally vented 
to the atmosphere through a suitable vent stack. 

The Cycloversion Process embodies a fixed-bed 
principle of catalytic cracking in which no appreci- 
able loss of catalyst through the formation of fines 
by abrasion occurs. Equipment for the circulation, 
separation, and recovery of catalyst from the process 
or reactivation gases is not required. The rugged 
natural bauxite catalyst employed is capable of re- 
generation an indefinite number of times and main- 
tains 85-95 percent of the cracking efficiency of the 
new catalyst. Other features of the Cycloversion 
Process are its low-cost operation together with high 
vields of superior-quality motor fuels. In addition, 
the flexibility of the process lends it to catalytic 


104 


reforming of motor-fuel-boiling-range naphthas as 
well as desulfurizing both cracked and straight-run 


products. 


Typical Cycloversion Process results are presented 


in the accompanying tables. 


Low Pressure Cycloversion of Texas Panhandle Gas Oil* 














Unde- De- 
sulfurized sulfurized 

Feed Stock: 

Gravity, API° 36.9 

10 Percent at ce , 552 

90 Percent id iach ae 697 

Aniline Point, °F of on 185 vont 
Catalytic Gasoline, Cs-400° F. : Test 1 Test 2 

S|. ree .s 57.2 56.1 

Reid Vapor Pressure... . ool ‘ 6.4 6.4 

ASTM Octane Number aoe 81.5 81.2 

+ 3cc TEL ; a 85.3 84.9 

Research Octane Number. iiterettes 94.3 94.4 

.k lt eee ; : 98.0 97.8 
Yield, Percent of Charge: 

Catalytic Gasoline, Cs-400° F. Vol. Percent 98.1 35.0 

10 Lb. RVP Gasoline, Vol. Percentt 38.7 47.3 

Propylene, Vol., Percent ay 5.0 6.0 

Butylenes, Vol. Percent 7.3 8.0 

Catalytic Recycle, 400° F. +.V ol. Percent 57.8 40.5 

eS, 8 ee ta 1.2 2.7 
Conversion, Single Pass, Vol. Percent 42.2 59.5 





* 10 Psig operating pressure. 
+ Butanized and includes potential catalytic poly gasoline. 


High Pressure een of Texas Panhandle Gas Oil* 





—————— 7 


Feed ‘Stock: 
Gravity, API° =e : om 37.4 
10 Percent . a ; 501 
90 Percent........ sch Fe 709 
Aniline Point, °F ie i 180 

Catalytic Gasoline, Cs-400° F. é Test 1 Test 2 
Gravity, API° ‘ ; as 56.3 55.4 
Reid Vapor Pressure . ~ 6.4 4.8 
ASTM Octane Number : , 76.7 77.7 
ti 2. Serr 82.4 83.4 
Research Octane Number _ : 87.1 89.2 
1) 5, 7 er ; : 93.4 94.8 


Yields, Percent of Charge: 


Catalytic Gasoline, Cs-400° F. Vol. Percent 33.3 | 34.0 
10 Lb. RVP Gasoline, Vol. eyenaey si 40.9 44.2 
Propylene, Vol. Percent. ..... - 3.7 4.9 
Butylenes, Vol. Percent. 4.3 5.4 
Catalytic Recycle 400° F. NG “Vol. Percent 53.6 45.0 
Carbon, Weight Percent................ 1.5 2.6 
Conversion, Single Pass, Vol. Percent. 46.4 55.0 








* 85 Psig operating pressure. 
+ Butanized and includes potential catalytic poly gasoline. 


Low Pressure Cycloversion of Mid-Continent (Western Kansas) 


Gas Oii* 
Feed ‘Stock: 
Gravity, API° ae aa fl 32.2 
10 Percent (Vacuum) ste ee 604 
90 Percent (Vacuum) me ; 752 
Aniline Point, °F. a = 181 
Catalytic Gasoline, Cs-400° F. ets Test 1 Test 2 
Gravity, API° BS a 55.1 54.9 
Reid Vapor Pressure os oe 6.0 6.6 
ASTM Octane Number 80.4 81.1 
+ 3 ce TEw...... 84.5 84.7 
Research Octane Number 94.3 94.5 
27...) eee fe 97.8 98.0 
Yields, Percent of Charge: 
Catalytic Gasoline, Cs-400° F., Vol. Percent 28.6 33.2 
10 Lb. RVP., Gasoline, Vol. deweees: wane | 37.4 42.9 
Propylene, Vol. Percent , inte 4.1 4.2 
Butylenes, Vol. Percent oa 4.9 5.6 
Catalytic Recycle 400° F. + V ol. Percent. 59.1 50.7 
Carbon, Weight Percent. 1.5 2.3 
Conversion, Single Pass, Vol. Percent. 40.9 49.3 





* *10 Psig operating pressure 
+ Butanized and includes potential catalytic poly gasoline. 
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NEW PROCESS 


ETHYLENE PRODUCTION 


..+@ high temperature thermal cracking process, by which ethylene and aromatic hydrocarbons are 
economically obtained in quantity from low-grade petroleum oils and light hydrocarbons. 


.. Similar to Socony's famed T.C.C. process extensively used in producing high-grade gasoline 
and distillate fuels. 


.. employs a moving bed of solids as a heat transfer medium capable of withstanding extremely 
high temperatures and rapid cooling. 


. features a self-cleaning arrangement whereby the carbon deposits are utilized to generate heat 
required in the operation. 


Address inquiries to Vulcan . . . Cincinnati, Ohio. 


For Flow Chart and description see Pages 72 and 73 this issue. 
Petroleum Refiner—V ol. 27, No. 9.2 
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Tivery seven months, sulfuric acid 
ate away the heat exchanger tubes in 
one refinery. 


Frequent replacement of equip- 
ment proved expensive. So refinery 
engineers began a series of tests with 
other corrosion-resistant metals. 


Tests prove helpful 


On the basis of test results, the en- 
gineers made this recommendation: 
“Change to Monel*.” 


Now—with Monel tubes—the refin- 
ery gets 43 months of life in the same 
Service where other tubes averaged 
only seven. (See Co-Polymer Plant 
history in panel.) 


Performances like this aren’t un- 
usual. Nor are they confined to sul- 
furic acid applications. 


Many refinery uses 


Monel withstands a wide range of 
refinery corrosives. For example: 


— hydrogen sulfide 

— hydrochloric acid 

— sodium hydroxide 

— ammonia 

— impure or brackish waters 

— oil, wax and solvent mix 
Monel also resists hydrofluoric acid 
in HF alkylation; it serves depend- 
ably under high - temperature, high - 
pressure conditions in feed water 
heaters; withstands attack in caustic 
soda reboilers and in condensers for 
chlorinated solvents and furfural. 


Long life, low cost 


Wherever corrosive conditions are 
severe, consider using Monel. It may 
help you increase equipment life, 
speed up production, and cut main- 
tenance and replacement expense. 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK 5, N.Y. 


> 
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PAYS DIVIDENDS 


Co-Polymer Plant 


Monel tube bundie installed in reactor 
feed precooler. (121 tubes, 44” OD x 180” 
x 14 BWG.) 


Product Handled — Butane and 70% sulfuric 
acid outside tubes; butane inside. 


Temperatures — Entrance to tubes: 115°F. 
Exit from tubes: 145°F. 
Entrance to outside: 160°F. 
Exit from outside: 150°F. 


Service Life — Previous material lasted 7 
months; Monel tubes 43 months. 





Ketone Dewaxing Unit 


Monel tube bundle located in charge cool- 
er. (754 tubes, 44” OD x 144” x 16 BWG.) 


Product Handled — Oil, wax and solvent mix 
outside tubes; water inside. 


Temperatures — Entrance to tubes: 90°F. 
Exit from tubes: 120°F. 
Entrance to outside: 180°F. 
Exit from outside: 110°F. 


Service Life — Previous material lasted 
31% months. Monel tubes in service 67 
months to date. Still in good condition 
when inspected. No plugged tubes. 


Caustic Plant 


Monel tube bundle located in second ef- 
fect, caustic evaporator. (712 tubes, 2”OD 
x 48142” x 16 BWG.) 


Product Handled — Steam from first effect 
outside tubes; caustic soda and sodium 
chloride inside. 


Temperatures — Entrance totubes: 172°F 
Exit from tubes: 172°F. 
Entrance to outside: 240°F. 
Exit from outside: 240°F. 


Service Life — All but 15 of-the original 
721 Monel tubes installed in 1928 are 
still in service. (The 15 were replaced be- 
cause of failure of lap-weld seam.) Pre- 
viously-used material had an average life 
of 10 months. 





MONEL* + “K”* MONEL + “R’’* MONEL + “KR“’* MONEL « “S* MONEL 
INCONEL* + NICKEL + “L”* NICKEL © “Z”* NICKEL *Reg. U. 5. Pat, Of. 


107 








—— 





Catalytic Reforming Process 





PHILLIPS PETROLEUM COMPANY 


; Perco Catalytic Reforming Process developed 
by Phillips Petroleum Company, Bartlesville, Okla- 
homa; and licensed to the industry through its Perco 
an economical means of both de- 


Division, provides 
reforming cracked and 


sulfurizing and catalytically 
straight-run naphtha. 

The normal benefits derived from Perco Catalytic 
Desulfurization elsewhere described in this Process 
Handbook, are obtained together with an appreciable 
increase in clear octane rating due to some additional 
mild cracking or reforming as evidenced by the pro- 
duction of fixed gases in the reactor effluent stream. 

Normal process cycles are of the order of 24 hours 
or more with only a small deposition of carbon or 
catalyst as com- 
This 


other carbonaceous matter on the 


pared to conventional catalytic cracking. low 
carbon deposition on the catalyst permits an opera- 
tion on relatively long process cycles 


catalyst. 


and low-cost 


regeneration of the 


The process operates at low pressure, usually of 
the order of 50-100 psig. As shown in the accompany- 
ing flow sheets, the feed is vaporized, usually by heat 
exchange with the reactor effluent, and then super- 
heated to a temperature of about 1000° F. The super- 
heated vapors are passed through the reactor, thence 
to exchange with the feed and finally to product 


cooler and accumulator. 


The 
cedure as that described for Perco 
burning off 


same pro- 
Desul- 
the carbona- 


regeneration of the catalyst is the 
Catalytic 
furization and comprises 
ceous deposits with a superheated air-steam mixture. 
are 


Reforming results 


Note the appreci- 


Typical Perco Catalytic 
given in the accompanying tables. 
able increase in “jump” octanes or the spread between 
ASTM and Research Octane, a feature of extreme 
interest to refiners having only thermal-type equip- 
ment. It is of further interest to note that the process 
is not only applicable to stocks having moderately 
high total sulfur but also to those stocks having rela- 
tively low sulfur. 
Fixed gas losses are relatively low and yields are 
high, particularly in view of the 
nents recoverable as poly-feed. 


C, and C, compo- 


The process may be operated either as a catalytic 


reforming unit or as a catalytic desulfurization unit. 


ILLINOIS STRAIGHT-RUN GASOLINE 
64.4° API ics 90-360° F. Boiling pine 





Raw 


—- 


ASTM Octane No. - : of 54. 61.3 
+1 cc TEL a : Ge : 4.7 73.1 
+3 cc TEL. ste , ‘ 3. 81.8 

Research Octane No. 7 a 52. 63.8 
+1 cc TEL ‘ - ¥ 34.2 75.0 
+3 cc TEL .ke a +a a 83.4 

RVP at 100° F. aa sn ’ 10.0 

Tota! Sulfur, Percent ‘ ; 0.022 0.008 


PENNSYLVANIA STRAIGHT-RUN GASOLINE 
62.2° API Gravity; 100-400° F. Boiling Range 


Raw 


Cat. 
Feed Reformed! 





ASTM Octane No. : 48.8 61.5 
+1 ce EL ; . ‘ 57.3 71.0 
+3cc TEL... : 67.1 79.6 

Research Octane No. : , 49.6 ) 
+1 cc TEL ‘ ; 57.9 
+3 cc TEL... . ; 68.7 7 

RVP at 100° F. - we . 8.5 

lotal Sulfur, Percent ; : 0.005 


MID-CONTINENT (KANSAS) CRACKED-STRAIGHT-RUN GASOLINE 
61.7° API Gravity; 121-403° F. Boiling Range 


Raw Cat. 
Feed Reformed! 





ASTM Octane No. . P 59.6 70.8 
+lece cL . , ee 78.8 
+3 cc TEL : ‘ - 75.6 83.6 

Research Octane No. 53.5 75.3 
+1 cc TEL : , ‘ 83.6 
+3 cc TEL ; he : 81.2 88.8 

RVP at 100° F. ‘ me . 10.6 

Total Sulfur, Percent .039 0.0 1 


PANHANDLE CRACKED-STRAIGHT-RUN GASOLINE 
59.2° API Gravity; 117-390° F. Boiling Range 


Cat. 
Reformed! 








AST M Octi ane No. 
+l ce t 
+3 cc TEL 
Research Octane No. 
+l cc TE 
+3 cc TEL 
RVP at 100° F. 
lotal Sulfur, Percent 


a 
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EAST TEXAS DISTILLATE (2) 
67.1° API Gravity; 100-410° F. Boiling Range 





ASTM Octane No. 
+1 cc TEL 
+3 cc TEL 
Research Octane No. 
+1 cc TEL. 
+3 cc TEL 
RVP at 100° F. 


(*) Catalytically reformed products are Cr and heavier gasolines and do not 
conform potential poly gasoline from polymerization of Cr and Cr olefines 


produced. : 
(2) Sulfur content of feed and product not reported. 
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Lilie-Hoffmann Cooling Towers offer... 
MAXIMUM PERFORMANCE 
for MINIMUM SIZE and H. P. 


Our 50-Year Installation Case Records Insure 









Pre-Tested Performance for Any Type Tower 






READ THIS STATEMENT BY AN EMINENT AUTHORITY... 







“The proper coefficients for reducing (cooling tower) theory to practice are known 





by few . . . knowledge can be obtained only through long years of practice . . . observa- 






tion of results produced . . . by various installations . . . under varying atmospheric 






conditions . . . under different bases of efficiency.” 










In the past 50 years, Lilie-Hoffmann has installed in all parts of the world 


thousands of cooling towers. This experience has provided a complete 






library of case records and coefficient tables. 







This knowledge enables Lilie-Hoffmann, oldest in experience, to build 


towers that “give maximum performance for minimum size and H. P.” 












Manufacturers of All Types of 
Water Cooling Towers 











Many of the country’s largest corporations have 
successively bought, year after year, 
Lilie-Hoffmann towers. Such repeat incidence indicates 










the superior performance of Lilie-Hoffmann Cooling Towers. 
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y} COOLING TOWERS, INC. 


4239 DUNCAN AVENUE « ST. LOUIS 10, MISSOURI 
BRANCH PLANT AT PLAINVIEW, TEXAS 
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Hydrotorming Process 





THE M. W. KELLOGG COMPANY 


ae is primarily a catalytic proc- 
ess for converting a low-octane naphtha into a high- 
octane gasoline suitable for fuel in high-compression 
automobile engines. This conversion or reforming is 
accomplished largely by means of dehydrogenation 
and cyclization reactions. These reactions are pro- 
moted by molybdena-on-alumina catalyst at tem- 
peratures of 900-1000° F. 
psig with a high partial pressure of hydrogen in the 
reaction zone. The hydrogen partial pressure is main- 


and pressures of 150-300 


tained by recycling hydrogen-rich gas to the reaction 
zone along with the vaporized fresh feed. The proc- 
ess usually produces a large amount of net hydrogen, 
which makes possible the hydrogen-rich recycle. 

Naphthenes (cycloparaffins) in the feed stock are 
dehydrogenated, and some molecules are slightly re- 
arranged to form aromatics. Considerable cyclization 
of straight-chain hydrocarbons also takes place. If 
any olefins are present, as is the case when same 
cracked naphtha is included in the feed, these are 
almost completely converted to paraffins or ring 
compounds. Over 90 percent of the sulfur contained 
in the naphtha feed is removed, giving a low-sulfur 
reformate even when a sulfur-bearing naphtha is 
charged. Additional characteristics of hydroformer 
gasolines are low Reid vapor pressures; high clear 
octane numbers; high lead susceptibilities. 

Yields of 78-80 volume CFR-M 
octane, 100 percent C, recovery gasoline are obtained, 
with the balance of the material going approximately 
three fourths to C,-free gas and one fourth to polymer 
and carbon. When operating to lower octane levels 
it is possible by blending in extraneous butanes to the 
10-pound Reid vapor pressure level, to obtain a yield 
based on feed of 100 percent of 69-octane gasoline 
which can be brought up to 80 CFR-M octane by 
the addition of 1.5 cc. of TEL. 

Hydroforming is carried out in a unit usually hav- 


percent of 80 


ing four or more reactors filled with catalyst, half 
of which are always in series on reaction, and the 
other half in different stages of regeneration. The re 
actors are switched from reaction through regenera- 
tion and back to reaction in cycles of 8 to 16 hours 
duration by an electric cycle-controller. Regenera- 
tion is necessary because a small deposit of carbon 
and a partial reduction of the metal in the catalyst 
combine over a period of hours to reduce the activity 
of the catalyst. The carbon is burned and the catalyst 
reoxidized by combustion in a stream of air greatly 
diluted by cooled and recirculated flue gas. 

The reaction products are recovered and fraction- 
ated into: (1) a hydrogen-containing gas substan- 
tially free of hydrocarbons heavier than propane, (2) 
a highly aromatic “polymer” boiling above 400° F, 
and (3) a depropanized, 400° F. end-point gasoline. 

The following table shows the inspections of a 
typical naphtha feedstock together with the inspec- 
tions of the gasoline produced from it. 








FEED 
West Texas and Mid- 
Continent Mixed 
Naphtha 





Gravity, °API 
ASTM, Distillation, °F: 
IBP 


10 Percent 
50 Percent 


E 
Octane Number, CFR-M clear..... . 
Aniline Point, °F.. sd 
Bromine Number................. 
Lamp Sulfur, Weight Percent........ 


Yields, Vol. Percent of Feed (Output Basis): 
C4-Free Gasoline. . ‘ nies 
Butanes. ' 
Polymer. . . 





Yields, Wt. Percent of Feed Output Basis: 
C4-Free Gasoline sidan 
Butanes. aed 











a 
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ASSOCIATED MANUFACTURERS 


BRODERICK AND BASCOM ROPE COMPANY 


CLIMAX ENGINEERING COMPANY 
CONSTRUCTION MACHINERY COMPANY 
COOK ELECTRIC COMPANY 


CROSBY STEAM GAGE & VALVE COMPANY 


DAYTON RUBBER COMPANY 
Cc. H. DRAGERT COMPANY 


EMSCO DERRICK AND EQUIPMENT COMPANY 


FARRAR & TREFTS, INCORPORATED 
FISHER GOVERNOR COMPANY 
GARDNER-DENVER COMPANY 
GENERAL ELECTRIC COMPANY 

GLOBE STEEL TUBES, INCORPORATED 
GRINNELL COMPANY, INCORPORATED 
THE GENERAL DETROIT CORPORATION 
LARKIN PACKER COMPANY 


ON TIN 


SERVING THE OIL AND 


GAS 


TH? LUNKENHEIMER COMPANY 

CLAYTON MARK & COMPANY 

NEW BEDFORD CORDAGE COMPANY 

NEW YORK BELTING AND PACKING COMPANY 
NORDSTROM VALVE DIVISION 

W. C. NORRIS MANUFACTURER, INCORPORATED 
D. W. ONAN & SONS, INCORPORATED 
PENBERTHY INJECTOR COMPANY 
GEORGE D. ROPER CORPORATION 
SOCONY PAINT PRODUCTS COMPANY 
HENRY VOGT MACHINE COMPANY 
WALWORTH COMPANY 

THE WATSON-STILLMAN COMPANY 
WESTINGHOUSE ELECTRIC CORPORATION 


THE YOUNGSTOWN SHEET & TUBE COMPANY 


\TAL 


INDUSTRI 
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Hydrogenation Process 





STANDARD OIL DEVELOPMENT COMPANY 


cis hydrogenation for oil processing 
and the methane-steam “tube” method for manufac- 
ture of hydrogen used in hydrogenation were de- 
veloped in the United States by Standard Oil De- 
velopment Company. Plants utilizing this process 
have been operated at Baton Rouge, Louisiana; Bay- 
way, New Jersey; Port Arthur, Texas; Richmond, 
California, and Whiting, Indiana, as well as at vari- 
ous locations abroad. In addition, “tube” manufac- 
ture of hydrogen has been adapted to a number of 
relatively small installations, while over 100 million 
cubic feet per day of “tube” hydrogen capacity was 
installed in government plants for ammonia produc- 
tion during the war. 

High-pressure hydrogenation has been used in 
manufacture of aviation base stock and motor gaso- 
line from gas oils, high-grade diesel fuels from low- 
quality gas oils, water-white paraffinic kerosenes 
from inferior-quality distillates, and high-viscosity- 
index lubricating oils from poor-quality lubricating 
distillates. The process also lends itself to prepara- 
tion of high solvency naphthas, high-octane-number 
aviation safety fuels, etc. During the war large 
quantities of isooctane aviation blending agent were 
produced using high-pressure hydrogenation; an un- 
usual adaptation was its use to make aromatic amine 
anti-knock addition agent for aviation gasoline from 
the corresponding nitro compound. High-pressure 
hydrogenation plants can be used for desulfurization 
of high-sulfur fuels, and for saturation of catalytical- 
ly cracked cycle stocks to permit their recycle crack- 
ing to ultimate high production of catalytic gasoline. 

In the hydrogenation process the charging stock, 
together with sufficient hydrogen, is pumped into a 
reaction vessel containing catalyst. At the desired 
temperature and at about 3000 psi, the reaction takes 
place. The “tube” method for hydrogen manufacture 
and the hydrogenatjon step proper are outlined in 
the accompany flow sheet. 

Hydrogen may be produced by any of the usual 
processes. Since the hydrogen does not need to be 
sulfur-free, its production from coal or coke by the 
water-gas process is facilitated; it may also be pro- 
duced by liquefaction and distillation of coke oven 
gases, or electrolytically, when the economics permit. 
But for the oil industry with its generous supply of 
refinery and natural gas, hydrogen is advantageously 
made by the treatment of hydrocarbons with steam 
in accordance with the following reactions: 


CH,-+ H,O ~ CO + 3H, 
cO +H,0>CO,+H, 


The first step is carried out in a reforming furnace, 
using catalyst in tubes through which reaction heat 
is supplied. The second, “conversion,” step also uses 
catalyst, but does not require a supply of heat. After 
cooling, the carbon dioxide is scrubbed out, leaving 
hydrogen of about 95 percent purity. 


The oil and previously compressed hydrogen are 
mixed and delivered through heat exchangers toa 
coil furnace and thence to a reaction vessel contain- 
ing catalyst. The degree of hydrogenation is com 
trolled carefully by alteration of operating cond 
tions. From the reaction chamber the products and 
gases pass through the heat exchangers and coolers 
to a high-pressure separator where the liquid product 
is separated from the unconsumed hydrogen and 
other gases. The liquid product is reduced to at 
mospheric pressure and sent to storage. 

Gas formed in the process ordinarily is removed 
in the liquid product owing to its solubility at the 
high pressure. Such gases as are not removed it 
this manner may, if necessary, be taken out by scrub 
bing the recycle hydrogen with oil under pressuré. 
The unconsumed hydrogen separated under high 
pressure from the liquid product is recycled by com 
pressing back to full operating pressure in a booster 
compressor, which operates through a pressure if 
terval equal to the pressure drop in the system 
Fresh hydrogen is added to the recycle gas to make 
up for that consumed in the process. 

No coke is formed in high-pressure hydrogena 
tion, and the catalysts employed are unusually rug 
ged, so that the process is continuous. Runs of more 
than a years’ duration have been made on full-scale 
units, and total catalyst life of several years has 
been obtained. Hydrogen manufacture catalysts are 
also rugged and regularly maintain satisfactory ac- 
tivity for a number of years, so that only occast 
small make-up is required. As a result, both hydro- 
genation and hydrogen manufacture sections show 
favorable service factors, and maintenance and tum 
around costs are low. 


The process data shown on the accompanying 
flow plan covers a typical operation for converting 
isooctenes to isooctanes, for the production of avit 
tion blending stock. 
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mm DAYS ON STREAM 
? “FLUID CAT CRACKING” RECORD 


provides a lesson in 


Skil catalyst supremacy! 


TO REFINERY MANAGEMENT THIS MEANS... 


the realization of maintaining maximum refinery production- 


on a continuous and economical basis through the use of 
Filtrol products 4 


we waite /AB?- Filtrol . .. because the characteristics of Filtrol catalysts 
throughout | in refining permit high gasoline yields from average stocks 
plus a greater percentage yield of distillate fuels 


so much in demand for home heating. 


a 
SLA vray and Adsorbents 


World's largest manufacturer of adsorbents and catalysts. 
FILTROL CORPORATION GENERAL OFFICES: 634 S. Spring St., Los Angeles 14 Calif, 
PLANTS: Vernon, California, and Jackson, Mississippi 


* 
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Fivid Catalytic Cracking Unit 
4 RS AURORA GASOLINE COMPANY 
ae DETROIT, MICHIGAN 


Licensed by 
Universal Oil Products Co. 
Contractor —Owner ‘ Houdry T.C.C. Catalytic 
: Cracking Unit 
LEONARD REFINERIES, INC. 
ALMA, MICHIGAN 
Licensed by 
Houdry Process Corp. 
Contractor — 
Catalytic 


Construction Co. 


7 


PROCUREMENT 
BY 


FRANKLIN SUPPLY CO. 


CHICAGO 


es 








Thermal Cracking Unit 
INDIANA FARM BUREAU 


Catalytic Reforming Unit e 
ROOSEVELT OIL COMPANY MOUNT VERNON, INDIANA 
~ Licensed by 


MOUNT PLEASANT, MICHIGAN 
Universal Oil Products Co. 
Contractor — 


Licensed by Perco ee ‘ ; : 
Contractor—Koch Engineering Co. Setinsy Tectitiaien Co. 
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Catalytic Hydrogenation Process 





SHELL DEVELOPMENT COMPANY 


A SIMPLE and economical catalytic hydrogena- 
tion process has been developed by the Shell Com- 
panies and used successfully for several years for 
hydrogenation of octenes produced by polymeriza- 
tion of butylenes. The process operates at very mild 
conditions of temperature and pressure, effecting 
substantially complete hydrogenation and producing 
fuels low in acid-heat number suitable for manu- 
facture of high-octane aviation gasoline. 

Commercial application to date has been limited 
to direct hydrogenation of an octene mixture pre- 
pared by the butylene polymerization process 
described in this volume under the title, “Hot-Acid 
Polymerization.” The product of these two processes 
is a saturated octane of 98 to 100 octane number. The 
hydrogenation process is by no means limited to 
treatment of the octene mixture described here. 

The mild conditions under which this process op 
erates are made possible by the use of a nickel cata- 
lyst supported on porcelain. The unformed catalyst 
is a hydrated nickel nitrate impregnated in porcelain. 
The nitrate is decomposed to nickel oxide, in situ, 
and then reduced to metallic nickel by a stream of hy- 
drogen. After formation the catalyst is maintained 
in an atmosphere of hydrogen when not in use. Oxy- 
gen and carbon monoxide cause temporary loss of 
catalyst activity which can be restored by regener- 
ation in place. Sulfur compounds cause permanent 
poisoning ; thus, the sulfur content of the octene feed 
must be held to a minimum by proper treatment of 
the butylenes before polymerization. Spent catalyst 
may be utilized in a guard chamber for pretreatment 
of the octenes to prevent premature catalyst poison- 
ing. The presence of water is not injurious to the 
catalyst; usually steam is used to purge the system 
of either air or hydrogen. A catalyst life of 1000 gal- 
lons of finished iso-octane per pound of nickel is 
common. 

The accompanying flow diagram depicts a typical 
catalytic hydrogenation unit embodying four con- 
verters with two guard chambers. Subsequent to 
heat exchange with the effluent from the converters, 
the feed is vaporized, then is combined with the pre- 
reated hydrogen stream and enters the guard tubes 
in which partially spent catalyst is utilized to remove 
possible converter catalyst poisons. The pretreated 
feed then flows to the converters. The catalyst in the 
converters effects essentially complete hydrogenation 
and the resultant octane fraction, which is predomi- 
nantly iso-octane, exchanges heat with the feed and 
flows to storage. 

When the activity of the catalyst decreases to a 
certain point, it is reactivated in place. Although 


initial activity is not restored, two to four reactiya- 
tions lengthen catalyst life by 150 percent. Activity 
declines slowly after each reactivation ; however, the 
operating variables are adjusted to maintain the de 
gree of hydrogenation above 99 percent. Ultimately, 
the catalyst must be removed from the converters 
and regenerated. The hydrogen provided for the reae- 
tion in excess of requirements is recycled from the 
octane receiver to the converter, with the exception 
of the small exhaust gas stream. An increase in vol- 
ume results from the hydrogenation reaction, the 
octane volumetric yield being 104 percent of the 
octene charge. 

The guard tubes and converters are exchanger 
type reactors and a heat medium system comprising 
both a cold fluid and a hot fluid is provided. The cold 
fluid is used to remove the heat of reaction and main- 
tain the optimum reaction temperature. The hot 
fluid circuit is used during startup of a converter and 
when forming fresh catalyst or reactivating spent 
catalyst. It also provides the heat medium for the 
feed vaporizer and hydrogen preheater. A hot oil 
system as shown is suitable. 

Use of catalyst guard tubes is advantageous for 
sulfur removal and catalyst conservation. Ordinarily 
the guard catalyst is not effective in promoting hydro- 
genation itself. All the hydrogen feed may enter the 
octene vapors prior to passing through the guard 
tubes, but this large amount of hydrogen is not neces- 
sary for effective sulfur removal. Therefore, the ma- 
jor portion of the hydrogen feed may be introduced 
following the guard tube, thereby increasing the 
contact time of the octenes in the guard tube cham- 
ber. Roughly one volume of guard catalyst is suf 
ficient for two volumes of active catalyst. 

Hydrogen for plant operation should be free from 
sulfur, hence treatment before use may prove neces 
sary if sulfur compounds are present. Convenient 
sources of hydrogen are the pyrolysis of natural gas 
and dissociation of ammonia. Some plants contain a 
separate catalyst tube for the hydrogen feed to com 
vert traces of carbon monoxide to methane and f 
preclude formation of nickel carbonyl on cold spots 
in the catalyst bed ; however, this is seldom necessary. 

Deterioration of equipment by corrosion is neg 
ligible. Because of low temperature and pressure 0 
special alloys or other materials are required. 

Operation and control of hydrogenation plants afe 
simple. The primary control point is the degree 
unsaturation of the finished product as determined by 
titration with a weak brominating agent. 

This process is licensed by Shell Development 
Company. 


: » se 
Petroleum Refiner—V ol. 27, No. 92 





Septen 

















Y3SLYSANOD 








Y3LYSANOD 











YAILYSANOOD 











CATALYTIC HYDROGENATION PROCESS 








oy 


/ — = 
( 4 3ZINOdWA 


oq! ee 














Septem! 1948—Process Handbook Edition 





v® SM\THway Pressure Vessels 
for the Petroleum Industry 
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The world over, SMITHway vessels have with- 
stood the test of time, temperature, pressure and cor- 
rosion. The first all-welded pressure vessel ever built 
was produced by A. O. Smith nearly three decades 
ago. After nearly two decades of continuous service 
the first SMITHway alloy-lined vessel is still in daily 
operation. Hundreds more of these vessels are prov- 
ing themselves at temperatures ranging from 320° 
to 1050° F and even higher, and at pressures from 
vacuum to over 6,000 psi. 

An alloy pre-testing program, based on perform- 
ance of samples representative of fabricated alloys 
tested under actual operating conditions, coupled 
with over 25 years’ accumulation of vessel manufac- 
turing experience, provides SMI THway vessel users 


ron - se, ais 


, 


3" 
L At] 
¢ 


with a priceless fund of data on vessel design and 
construction. 

Shipping limitations, plant locations, or building 
clearances no longer are bars to complete SMITH. 
way service. A. O, Smith has developed a thoroughly 
proved technique for field assembly control and will 
guarantee vessels field assembled to A. O. Smith 
specifications under the quality control of an “on the 
job” Smith welding engineer. 

Included as an essential part of all proposals and 
contracts is a set of SMITHway Vessel Specifications 
setting forth the responsibilities assumed by A. 0 
Smith. 

Why not consult A. O. Smith, makers of all types 
of refinery vessels, on your vessel requirements? 


ot 


z <a Pa oy : : 


A recent contract received by A. O. Smith called for manufacturing and field assembling the vessels for a high temperature catalytic cracking unt 
as well as a crude unit. On the left is the cat cracker consisting of a regenerator, reactor and main column. On the right is the crude unit consisting 
of fractionating and vacuum columns. 


A.0.XMITH Corporation 


Milwaukee 1, Wisconsin 


New York 17 + Pittsburgh 19 + Atlanta 3 * Chicago 4 * Tulsa 3 * Dallas | 
Houston 2 + Seattle 1 + Los Angeles 14 + International Division: Milwaukee 1 
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Gas Conversion Processes 


"Turouce the development of several gas conversion processes light 
hydrocarbon gases which a few years back would have been discarded 
to plant fuel systems or to flares are now made into valuable products. 

Early refiners made little use of gases released in distillation and 
cracking equipment. As gasoline production by thermal cracking in- 
creased, and as natural gasoline plants were built to recover light hydro- 
carbons, larger volumes of butanes and propanes were available, but 
generally were used to little advantage. After fractionation was sub- 
stituted for weathering to set the vapor pressure of gasoline, butane 
assumed a rather stable position as a marginal component of gasoline. 
While a considerable market for liquefied petroleum gases gradually 
developed, and while some use was made of such material as feed for 
petrochemical manufacturing operations, still large excesses of butanes 
and lighter gases were wasted. 

In the middle 1930's processes for the polymerization of butylenes 
and propylenes came into use. Refiners found that excess gases from 
cracking units could be converted readily into polymer gasoline of high 
blending octane value for use in motor fuels. Also, the poly plant product 
could be hydrogenated to make aviation gasoline stock. The equipment 
needed was comparatively simple and refineries in all capacity groups 
adopted the process. 

Not much later, immediately before the second World War, a number 
of alkylation plants were placed in commercial operation. These plants 
utilized butylenes and isobutane as their feed stock and achieved the 
direct production of aviation fuel. The military requirements occasioned 
by the war led to the rapid construction of a great number of alkylation 
plants and such processes were by far the most important used for the 
manufacture of 100-octane aviation fuels and of the so-called super fuels. 

Butylenes were essential also to the wartime synthetic rubber pro- 
gram and great volumes were used in the manufacture of both Buna 
and Butyl rubbers. 

Because of these wartime demands butylenes and isobutanes, to- 
gether with isopentane, became the most diligently pursued hydrocarbons 
in the history of the petroleum industry. To supplement short supplies of 
isobutane, several processes for isomerizing normal butane came into 
considerable use. In the same period isomerization processes were used 
also to some extent to convert heavier hydrocarbons to materials having 
higher octane ratings. 

With the war emergency over, processes that were employed then 
without too much attention to economics were subjected to evaluation 
on their utility in normal commercial operations. The heavy demand for 
aviation gasoline dropped sharply and the synthetic rubber program 
was continued at greatly reduced volume. 

Motor fuel demand, however, has greatly exceeded all expectations, 
and as a result, many process installations that were originally considered 
wartime measures have been continued in peacetime operation. While 
there is not the extreme shortage of butanes experienced earlier, many 
plants now are converting all available butylenes and propylenes into 
salable products. Sales of liquefied petroleum gases are at high levels 
so that there is something of a shortage of propane and heavier hydro- 
carbon gases. Petrochemical processing, too, is becoming a significant 
factor in the usage of light hydrocarbons. 

One secondary but important effect of these developments has to do 
with the design of all kinds of process equipment. Fuel gas, which once 
included most of the butanes and lighter gases and was quite readily 
available in the average process plant, now may include only some of 
the propanes plus the lighter gases. In many plants fuel gas is a rather 
scarce and valuable utility. More care will be required to obtain good 
heat economy in process operations. Furnaces possibly will be more 
carefully designed to operate with smaller percentages of excess air, 
and heat exchangers will be more extensively used. In general, all 
practical improvements in heat efficiency will be given their due share 
of engineering attention and plant investment. 
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Catalytic Polymerization Process 
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UNIVERSAL OIL PRODUCTS COMPANY 


= UOP Catalytic Polymerization Process is 
one of the first of the many catalytic processes pres- 
ently being employed in the petroleum refining in- 


dustry. The development of the catalytic polymeriza-. 


tion process offers to the petroleum refiner a means 
for. converting a portion of fuel gas produced in 
cracking operations into a high grade motor gasoline, 
which increases the yield of gasoline obtainable from 
each barrel of crude oil processed. The process, in 
effect, then produces a finished gasoline of high 
value from a raw material which has the lowest 
value. 

Most generally the process is used to polymerize 
propylene and butylenes found in the gases produced 
from thermal or catalytic cracking of topped crudes 
or gasoils. Propylene and butylenes can be poly- 
merized either alone or in admixture, depending on 
the type of product desired. 


Polymerization of the butylenes in the absence of 
other olefins can be controlled to yield a product 
which on hydrogenation will rate 90-95 octane num- 
ber. This is referred to as a selective polymerization 
operation used to produce aviation gasoline com- 
ponents. Polymerization of propylene and butylenes 
in a mixture for the production of a fuel which will 
be blended in motor gasoline is referred to as a non- 
selective operation. This is the most common of all 
polymerization operations. 

Propylene can also be polymerized separately to 
make either a motor polymer or a product rich in 
either C,, C, or C,, polymer, depending on operating 
conditions. In recent years the butylenes normally 
found in refinery gases have in some cases become 
more valuable when converted to other products and 
consequently many plants are being operated for the 
polymerization of the residual propylene. 

Briefly, the polymerization operation is one which 
consists of contacting the olefin-containing feed 
stream with the catalyst at temperatures in the range 
of 350° F. to 475° F. and at pressures ranging from 
150 to 1200 psi. Processing conditions vary with the 
type of plant employed, with the feed stock processed 
and with the type of product desired. 

There are two types of units presently being used 
for carrying on the process of polymerization. The 
most commonly used design is known as a chamber 
type. In this unit the catalyst is contained in a verti- 
cal chamber. Catalyst is loaded in one or more cham- 
bers, each containing multiple catalyst beds of 5 feet 
to 10 feet in depth. 

Since the polymerization reaction is. exothermic 
and the system in which the reaction takes place is 
essentially adiabatic, the temperature of the re- 


actants increases as they travel through the cat- 
alyst beds. In order to maintain the catalyst tem- 
peratures in the range considered most effective 
for good olefin conversion and catalyst life, it is de 
sirable to control the amount of reaction that occurs 
in the catalyst chamber by the recycling of hydro- 
carbons which have been through the catalyst cham- 
bers. This recycle material, being low in olefin con- 
tent, will act to dilute the olefins in the fresh feed, 
It is possible in this manner effectively to limit the 
temperature rise through the reaction zone. : 

The other, or reactor type of unit, employs heat- 
exchanger type reactors. In this design the catalyst 
is loaded in vertical small diameter tubes which are 
surrounded with a cooling medium to remove the 
heat of reaction. 

Reaction temperature control is therefore obtained 
by controlling the temperature of the cooling me 
dium, and in this manner the reaction approaches 
isothermal conditions. In this unit it is therefore pos- 
sible to process feeds of high olefin content without 
the use of recycle as in the case of the chamber type 
unit. 

Reactor type units are most commonly used when 
the feed to be processed is high in olefin content such 
as is the case for C, and C, fractions produced from 
catalytic cracking. 

Catalytic Polymer Properties 














| 
Type of Plants | Chamber Reactor | Reactor 
Pressure psig | 5 | 1000 | 1000 
Temperature °F. | 370-465 | 400 450 
Feed Stock Cracking | Butane- Propane- 
Plant Butylene | propylene 
| Stabilizer | from Refinery! from Refinery 
NetOverhead| Gas Con- | Gas Com 
Liquid | céntration | centration 
System System 
Polymer Inspection: 
Gravity 64.0 64.3 624 
IBP | 96 | 78 144 
10 Percent , | 156 | 152 204 
30 Percent 210 238 | 244 
50 Percent | 235 258 | 266 
70 Percent | 279 | 284 
90 Percent 366 379 330 
EP 430 416 402 
Ree. 97 95 ' 
RVP a 11 | . 
Average Polymer Properties: | | 
Bromine No. } 130-150 
Induction Period: | 
Clear 15 min. 
+ 0.025 Percent UOP No. 1 500-550 
+ 0.005 Percent UOP No. 4 450-500 
Copper Dish Gum 25 mgs. 
ASTM Octane Number Clear 82.5 
ASTM Octane Number +3 ce TEL 85.0 
Research Octane Number Clear 97.0 
Research Octane Number +3 ce TEL 100.0 
Polymer Blending Values: 
5-10 Percent Blends in Average Straight Run | 
Gasoline 110-120 
5-10 Percent Blends in Thermal Cracked 
Gasoline 95-100 
—— a —- —— 
m . 7 ON 9 ? 
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Are your present processes geared to today’s ... and 
tomorrow’s . .. markets? Are there questions of econ- 
omy and efficiency ... or ability to deliver the finest 
possible product? 

If improvements are needed, Universal’s complete 
service will satisfy every requirement . . . for either the 
modernization of existing processes or the installation 
of new facilities. 

The effectiveness of this service has been proved 
by the scores of UOP licensee refiners . . . refiners who 
measure their processes in terms of yield, quality 


and economy. 


UNIVERSAL OIL PRODUCTS COMPANY 


General Offices: 310 S. MICHIGAN AVE., CHICAGO 4, ILLINOIS, U.S.A, 
LABORAFORIES: RIVERSIDE, ILLINOIS 


Universal Service Protects Your Refinery 
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Catalytic Polymerization Process 





THE M. W. KELLOGG COMPANY 


Tr  aiiitae polymerization is a process for 
chemically uniting the propylenes and butylenes pro- 
duced by thermal or catalytic cracking to produce a 
liquid which is an excellent component of motor and 
premium gasoline, and, after hydrogenation, of avia- 
tion gasoline. 

Under normal circumstances the average refiner is 
able to include an appreciable amount of butanes in 
motor gasoline, but he usually has excess C,’s over 
and above this amount. Consequently, it is usually 
economic to polymerize propylene and butylene, and 
merely use the remaining saturated butanes for Reid- 
vapor-pressure fortification. Such catalytic polymer- 
ization moves propylenes and butylenes from fuel 
gas into the hydrocarbon group boiling in the gaso- 
line range. 

The catalyst employed in Kellogg units is copper 
pyrophosphate. It has a normal life of 100-150 gallons 
of polymer per pound of catalyst. 

The liquid stream of C, and C, hydrocarbon re- 
actants from the gas-recovery system is first treated 
to remove hydrogen sulfide and then washed with 
caustic to remove mercaptan sulfur. It is then heated 
to 300-400° F. and introduced into the reactor which 
is kept at about 900 psig to maintain the material in 
the dense phase. 

After the reaction occurs, the reactor effluent pro- 
ceeds to conventional stabilizing equipment as follows: 

The hot product gases leaving the reactor ex- 
change a portion of their heat to the incoming charge 
and then pass to a depropanizer where propane and 
any unconverted propylene is routed either to plant 
fuel or to bottled gas. The depropanized product 
flows to a debutanizer where butanes are removed, 
leaving the high-octane polymer gasoline as the bot- 
tom product. The butanes produced are used for 
motor-fuel-blending purposes. 

Essentially there are two types of operation, de- 
pending on the feed stock. 
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(a) Codimer Operation, which is polymerization of 
butylenes only and which uses a hydrocarbon feed 
stock of essentially 100 percent C,’s. The operation 
usually is carried out at temperatures on the order of 
300° F. The product, called codimer, is unsaturated, 
but when hydrogenated has a clear ASTM octane 
number on the order of 95 and is, therefore, a very 
acceptable component for aviation gasoline. 

(b) Motor Fuel Operation, uses for a feed stock 
mixtures of C,’s and C,’s and the operation usually 
is carried out at approximately 375-400° F. The 
polymer is unsaturated and has a clear octane of 
about 83 ASTM and 96-98 CFRR. Its blending value, 
however, is considerably over 100 by either rating 
method when the percentage in the blend is not more 
than 10 or 15 percent. 

A common type of reactor is the tubular reactor 
which is essentially a heat exchanger in which the 
tubes are filled with catalyst and surrounded by a 
bath of gasoil which is circulated to remove the heat 














of reaction. The reaction temperature is auto- 
matically controlled. 
Typical Catalytic Polymerization Results 
Codimer | Motor Fuel 
Operation tion 
Conversion, percent of Olefin.................... 80 


Octane No.—ASTM Clear..................008- 95 82 
Octane No.—CFRR Clear.......... suds 


er St es nas wenn’ Senne 2.0 2.0 
gk BF Fe rere cick ara deal 148 170 
Oe Wes cet ds cok t.ccevescatetasede 421 431 
Gravity of Polymer, °API............ : re 60.4 60.1 














Licenses are available from The M. W. Kellogg 
Company. Licenses are granted under the Polymer 
ization Process Corporation patents, and patent 
rights of Phillips Petroleum Company, Standard Gil 
Company (Indiana), Standard Oil Company (New 
Jersey), The Texas Company, and The M. W. Kel- 
logg Company. 
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CATE HEAT ENDURING CASTINGS 
to 
DEFINITE “3S: SPECIFICATIONS 


This Will Assure Uniform Quality and Service 













STANDARD SPECIFICATION NO. 10-38 


Heat Enduring Castings 
For Industrial Furnace Construction 
Grade ‘‘F’’ 










CHEMICAL COMPOSITION: 


(a) The castings shall conform to the following requirements as to chemical composition: 
GRADE “F” 









I Os oo ce ance wcseeesiiaes 25.0-28.0 
ones naad savbnces ore nwed 10.0-12.0 
Manganese, per cent....................... 0.50-1.25 
ek ee thks baad denon sind 0.25-1.75 

Sulphur, maximum per cent................. 0.05 

Phosphorous, maximum per cent.............. 0.05 

SL A = a ee ES Within limits of Paragraph 4 (c) 





(b) The chemical limits for al] other added alloying elements, such as molybdenum, titanium and 
nitrogen, shall be specified by the manufacturer. The material shall conform therewith. 










CREEP STRESS AND CERTIFICATE: 
(a) The indicated creep rate of the material shall not exceed 1% in 10,000 hours when stressed by a 
tensile load not less than the following: 





STRESS PER SQ. IN. 










TEMP. °F. 1% CREEP IN 10,000 HOURS 
GRADE “F” 
1400° 4200 # 
1500° 3700 # 
1600° 3200 # 
1700° 2600 # 
1800° 1950# 






(b) Manufacturer shall submit standard creep data and residual physical properties made on materia 
of his own manufacture and certified by an ACCREDITED LABORATORY. The chemical analysis of 
the creep test specimens shall be reported, including nitrogen content and any other special alloying 
elements. 











TENSION TEST FOR DUCTILITY AFTER HEATING: 


(a) Each heat shall conform to the following requirements as to tensile properties after the specimen 
has been subjected to a temperature of 1400° F. for 24 hours and furnace cooled to 400° F. Test shall 
be made at room temperature. 








GRADE “F” 
Tensile Strength, min.lb./sq.in......................... 80,000 
Weer UO, CII, 5 cw cc ccc ccc eee 35,000 
Elongation in 2”, min. per cent....................0... 9.0 
















Copy of complete specification will be mailed upon request. 


THE CALORIZING COMPANY 


HEAT ENDURING AND CORROSION RESISTING METALS. 
CALITE ALLOY CASTINGS — CALORIZED STEELS. 


WILKINSBURG STATION PITTSBURGH 21, PA. 
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FOR YOUR REQUIREMENTS 
OF HIGH PRESSURE SPECIALTIES 


Large Houston stocks of the following 


nationally-recognized products: 


@ STAINLESS STEEL Stud Bolts, Nuts, Cap Screws, Ells, Tees, Unions, Couplings, as well 
as forged Steel, 3000- and 6000-lb. working pressure. 


@ MASON-NEILAN Reducing and Back Pressure Regulators—Liquid Level Controllers— 


all types for Oil, Gas, Steam or Water service. 


@ CAST STEEL Flanged End Gate Valves, Forged Steel Globe Valves, Gate and Check 


Valves. 


@ SEAMLESS STEEL Tube-Turn Welding Fittings, Ells, Tees, Caps and Reducers; Forged 
Steel Flanges—threaded, slip-on, welding neck, and blind—in sizes from 


1” to 24” O.D. 





® HAGAN Control Equipment, Hall Laboratories W ater Conditioning. 


® NATIONAL Seamless Steel Pressure Tubing, Seamless Steel Heat Exchanger and Con- 
denser Tubes. 


@ SMITH Meters and SPARLING Meters, for your measuring problems in oil, gas, water, 
and other liquids. 


YOUR INQUIRY 
iS INVITED 
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Hot-Acid Polymerization Process 





SHELL DEVELOPMENT COMPANY 


: SHELL COMPANIES have developed a 
method for producing isooctane from the butylenes 
present in refinery gas. Commercial size plants have 
given satisfactory performance over many years and 
the results in different refineries have proved the 
merit of this catalytic use of sulfuric acid. In this 
process, both normal butylene and isobutylene hy- 
droearbons react to produce isooctenes. The yield of 
octenes obtained from a typical butane-butylene frac- 
tion obtained from thermal cracking operations is in 
the order of twice the isobutylene content of the feed 
stock; however, this is to some degree dependent 
upon the normal butylene-isobutylene ratio in the 
charge. When these octenes are hydrogenated the re- 
sultant product has an octane number closely ap- 
proaching that of pure isooctane. Feed stocks in 
different refineries are seldom the same, but the proc- 
ess has operated successfully on C, fractions varying 
widely in content of normal and isobutylene. 

The flow diagram shows the major pieces of equip- 
ment involved in the hot-acid process. The charge of 
butane-butylene fraction enters the system continu- 
ously through the recycling line of the reactor time 
tank. The small fresh acid make-up requirement is 
also added to this recycling line. The mixture of re- 
cycled stock, fresh acid and butane-butylene fraction 
goes first to a reactor cooler and then to a reactor 
time tank where the polymer is produced. The reac- 
tion is exothermic but sufficient cooling is provided 
to maintain a temperature of about 175° F. This tem- 
perature promotes rapid polymerization so that the 
absorbed butylenes have only a transitory life in the 
acid phase, the polymer being immediately reab- 
sorbed in the hydrocarbon phase. The process is thus 
truly catalytic. Present practice is to use a sulfuric 
acid concentration of approximately 70 percent and 
to provide from 10 to 15 minutes time of contact. 

The mixture of hydrocarbon, polymer and acid 
leaving the reactor time tank flows through the re- 
cycle line into a reactor separator, in which the major 
portion of the acid is removed by gravity separation. 
The hydrocarbon and polymer with the remaining 
acid from the separator flows into a final acid settler. 
Then the hydrocarbon and polymer flow through a 
vaporizer to the debutanizer, where the butane and 
surplus normal butylene are removed overhead, and 
a bottom product, consisting of crude polymer, is 
withdrawn. A two percent soda solution is fed to 
this column also to neutralize any esters, which may 
decompose in the column reboiler, and to provide 


the neutralization reagent for the hydrolyzing step 
to follow. 

The soda solution and the polymer are delivered 
to the recycle line from-the hydrolyzer time tank. 
The recycle line flows to a heater and thence to the 
hydrolyzer time tank in which all entrained acid is 
neutralized and acid sulfates are hydrolyzed with 
caustic. The caustic-polymer mixture then passes to 
a hydrolyzer separator, where the spent caustic is 
removed, the hydrocarbon and polymer residue be- 
ing delivered without further heating to the dimer 
column. The dimer, which is the final product, is 
separated from the heavier hydrocarbon and deliy- 
ered overhead to storage. 

The chief advantage of this system is that normal 
butylene as well as isobutylene is used to produce 
the polymer (or dimer). Normal butylenes do not 
polymerize with themselves as readily as do isobuty- 
lenes, but in the presence of isobutylenes the normal 
butylenes will react readily to form interpolymer and 
it is for this reason that the yield of polymer is equiv- 
alent to twice the amount of isobutylene present in 
the charging stock. The interpolymer, passing into 
the hydrocarbon phase as rapidly as it is formed. is 
diluted by the inert butanes. Its activity is thus re- 
duced, leaving little opportunity for the formation 
of trimers or rearrangement to polymers of lower oc- 
tane rating.. Consequently, the polymer formed is 
about 90 to 95 percent octenes. The product obtained 
upon hydrogenation has an octane number averaging 
between 98 and 99. 

This process has also found advantageous applica- 
tion to production of a normal butylene rich stream 
for chemical process utilization. The operating condt- 
tions may be adjusted to effect virtually complete 
polymerization of the isobutylene while removing 
only a minor portion of the normal butylene. Hence, 
a butane stream rich in normal butylene uncontami- 
nated with other unsaturates results. In this role the 
process serves to produce, firstly, an octane dimer 
which upon hydrogenation becomes a high octane 
blending constituent, and, secondly, a normal buty- 
lene rich stream suitable for chemical processing. 

Operation of the unit is simple; one operator pert 
shift is sufficient. Both polymerization and neutralt- 
zation are automatic once the rate of flow is estab 
lished. 

This 
Company. 


process is licensed by Shell Development 
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DIRECT DRIVE 
ACCESSIBILITY 
NO BEARING TAKE-UP 
SIMPLE FOUNDATIONS 
NO AIR-LINE PULSATIONS 
~ MINIMUM SPACE REQUIRED 


NO LEAKING VALVES ... OR 
GRINDING OF SEATS 


SMALL FLOOR SPACE WITH RELA- 
TION TO CAPACITY 


MAINTAINED CAPACITY FOR THE LIFE 
OF THE MACHINE 


NO MULTIPLICITY OF PARTS REQUIR- 
ING FREQUENT ATTENTION, ADJUST- 
MENT AND REPLACEMENT. 





FULLER COMPANY 


CATASAUQUA— PENNSYLVANIA 


Chicago. 3 - 120 So. LaSalle St. 
San Francisco 4 - 420 Chancery Bldg. 





Fuller Rotary Compressors are built in single and two 
stage for capacities to 3300 C.F.M., pressures to 125-lb. 
Write for Bulletin C-5. It's yours for the asking. 


A LIFETIME OF NEW MACHINE EFFICIENCY 
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Temperature 
control demands 
EAGLE-PICHER 


Insulations 


Eagle-Picher Insulations 


help any process operate at maximum efficiency 


No matter what process you use, there’s an Eagle-Picher Insula- 
tion to help make it more efficient. These scientifically engineered 
insulations provide the precision temperature control so vital to 
profitable refining operations. Made to cover a full range of tem- 
peratures, both hot and cold, Eagle-Picher Insulations improve 
the performance of your equipment, cut down waste, and sub- 
stantially reduce over-all operating costs. Ask your Eagle-Picher 


distributor, or write The Eagle-Picher Company. 
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, Let these Eagle-Picher products also 
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\\} _ Save you money... power... time 
A 


Insulating Felts 
Supertemp Block + Blankets 
Loose Wool + Pipe Covering 
Stalastic - Insulseal + Insulstic 
Swetchek - Finishing Cements 


Insulating Cements 


EAGLE-PICHER 
INSULATIONS for 


Since 1843 
THE EAGLE-PICHER COMPANY 
CINCINNATI (1), OHIO 











Catalytic Alkylation Process 





THE M. W. KELLOGG COMPANY 


tvarion as practiced by the petroleum in- 
dustry is the catalytic method of combining an iso- 
paraffin (usually isobutane) with an olefin (propy- 
lene, butylene or amylene) to produce saturated iso- 
compounds. The product of the reaction—alkylate— 
has a high-octane rating and is therefore employed as 
a blending agent in aviation and motor gasoline. It 
also has high heat value, giving it more power than 
other hydrocarbon fuels. 

The catalyst used is either sulfuric acid or hydro- 
fluoric acid. Yields and quality of products with 
either catalyst are essentially the same. The majority 
of the installations, however, employ the lower-cost 
sulfuric acid since it is less corrosive and the spent 
acid can be re-used in other refinery treating opera- 
tions. 

In the Kellogg flow sheet, the olefin is dissolved 
in concentrated sulphuric acid and violently agitated 
with an excess of isobutane at a temperature of 
35-45° F. and a pressure several pounds above atmo- 
spheric, Under these conditions, the reaction proceeds 
readily. 

Since the reaction is exothermic, the heat of re- 
action is removed by auto-refrigeration. Refrigeration 
is also required to remove the heat imparted by the 
emulsion pumps. Conditions are maintained at the 
bubble point of the mixture and a sufficient amount 
of hydrocarbon is allowed to vaporize to cool the 
mixture to the control temperature. The vaporized 
hydrocarbon is compressed, condensed and returned 
to the system. 

The product of the reaction is separated from acid 
in the center section of the combination reactor- 
settler and after caustic treatment is pumped to the 
isobutane tower. 

The isobutane overhead from this tower is returned 
to the process while the alkylate bottoms containing 
any normal butane present in the original feed is sent 
to a debutanizer tower where butane is removed as 
an overhead product. The alkylate bottoms usually 
are separated in a rerun tower into a light aviation 
cut and a heavy alkylate. 

The major factors affecting product quality and 
other operating results are: 

1. Reaction Temperature 

2. Olefin Concentration 

3. Isobutane Concentration 

4. Acid Strength 
Each of these factors will be discussed briefly. 

1. Reaction Temperature 

The lower the temperature at which the reaction 
is carried out, the better the quality of the alkvlate 
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and the lower the acid consumption. On the other 
hand, below 35° F. the sulfuric acid-hydrocarbon 
emulsion tends to get so stiff as to make operations 
difficult. 

2. Olefin Concentration 

The lower the concentration of olefin is kept at any 
time, the lower is the tendency toward polymerization 
and the higher the tendency toward alkylation. This 
is effected by circulating large volumes of emulsion 
as compared with the amount of material in the re- 
actor, and controlling the addition of olefins so as 
to maintain this low concentration. 

3. Isobutane Concentration 

Normal butane does not enter into the reaction 
and is a harmful diluent in the sense that it reduces 
the chances for contact between the isobutane and 
the olefin-bearing acid. It is, therefore, advisable to 
keep the isobutane concentration in the reactor as 
high as possible. 

4. Acid Strength 

While 98 percent is the strength of the acid 
usually added to the process, a more important factor 
is the average strength of the acid contained in the 
reactor. In the case of butylenes and propylenes, this 
strength should not be less than 90 percent. In the 
case of amylenes, the acid strength can drop to 8 
percent without seriously affecting the quality of 
the alkylate. 

Most of the alkylation units in this country were 
designed for operation on butylenes but today many 
units are operating on propylenes. Butylenes give 
the best product quality and the lowest acid consump- 
tion. The same units also can be used for alkylating 
amylenes. Typical results are given in the following 
table. 

Typical H.SO, Alkylation Results 























Butylenes | Propylene | Amylenes 
Alkylate—Volume Percent on Olefin 170 170 160 
Isobutane—Volume Percent on Olefin... . 110 125 110-120 
Acid Consumption—Lb. per gal. Alkylate. 0.7 3 1-2 
ASTM Octane rating of Alkylate..... 94 89 90 
Reid Vapor Pressure of Alkylate—b./sq. in... ... 3-4 5 2 
End Point of Alkylate—°F....... ; 350 350 350 





Because the sulfuric acid is of high concentration 
and the plants‘are operated at below atmospheric tem- 
perature, corrosion is negligible and steel equipment 
can. be used throughout. Individual requirements vary 
widely and the economics depend largely on the 
availability of the raw materials at low cost. 

The M. W. Kellogg Company, New York, has bee 
appointed licensing agent for the process for the 
United States and foreign countries. Licenses grant 
are under the patents and patent rights of Texaco 
Development Corporation, Standard Oil Develop 
ment Company, Shell Development Company, and 
Anglo-Iranian Oil Company, Ltd. 
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Although only recently introduced... 





Over 6000 FOXBORO M/40 


Controllers Already in Use! 


HAILED EVERYWHERE for its advanced engineering in every detail, this 
new Foxboro Instrument is breaking all records in accurate, trouble-free 
process control. Simpler, sturdier construction logically leads to increased 
stability and efficiency. Orderly, compact arrangement of sub-assembly 
units leaves more room for a greater number of elements and control 
systems. Ingenious new and simpler components assure increased accu- 
racy and dependability, easier field adjustments, extra-ordinary range- 


ability and flexibility. 


In every last detail, this instrument is engineered to improve the end 
results of processes and to simplify instrument operation and mainte- 
nance. Performance records prove it! 


HERE ARE THE FEATURES THAT ATTRACT ATTENTION 


1. compact, streamlined die-cast alumi- 
num case ... for greatest protection of 
controller mechanism and flexibility 
of unit combinations. The most com- 
pact controller case available, yet it 
even houses the manual control panel. 


2. improved “‘pen-arm movement... 
sturdier, simpler, smoother-operating. 
Cantilever-type construction, free from 
friction and dead space. Special 
vernier drive permits control index 
setting with micrometer precision. 
Convenient micrometer adjustment 
makes possible checking against ref- 
erence point without disturbing con- 
trol pointer and pen alignment. 


3. completely new precision control 
mechanism includes new reset unit. 
Continuously variable reset resistance 
Sives 500:1 adjustment in reset time. 
New proportional band setting pro- 
vides either direct or reverse action by 
simple turn of dial. Only 1 field 
adjustment. New totally-enclosed con- 


trol relay designed to withstand over- 
load to 50 psi.; needs no adjustment 
when reassembled or replaced. 


4. Self-aligning linkage ... operates like 
universal ball joint. Virtually no fric- 
tion or backlash. Self-aligning. Made 
to extremely close tolerances of + 
.0002”. Tubular construction for rig- 
idity, strength and lightness. Pinch 
clip permits instant removal. 


5. New 4-way transfer switch . . . per- 
mits transfers that are positively 
“‘bumpless’’ and easier than ever 
before. Unique circuit allows change 
from Manual to Automatic Control 
and vice-versa without the usual nec- 
essity of matching gage readings. 
Service position permits mechanical 
servicing or complete removal of con- 
troller with no interruption of manual 
control of valve. 


6. manual control sub-panel . . . inde- 
pendently mounted on panel yet 
enclosed by instrument case. 


Write for Bulletin234. The Foxboro Company, 16 Neponset Avenve, 
Foxboro, Mass., U. S. A. 






FOXBORO 


® 3."a? Ore 


THE ONLY CONTROLLER WITH 


CONTROLLER 


CONSTRUCTION 
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Paraffin Alkylation Processes 





UNIVERSAL OIL PRODUCTS COMPANY 


es crion of paraffins is a reaction in which 
an isoparaffin is combined with an olefin to produce 
a branched chain paraffin hydrocarbon of higher 
molecular weight. 

The alkylate product boils in the gasoline range, 
and has an A.S.T.M. octane number of 88-95 depend- 
ing on the conditions under which it is made and the 
character of the feed. Alkylate has a high lead sus- 
ceptibility making it an ideal blending component. 


Extensive use was made of the alkylation process 
during the war to produce a_ high-octane-number 
component of aviation gasoline. Although initially 
considered as a high-cost operation, many simplifica- 
tions have been achieved in the process which make 
it attractive for producing a high octane gasoline 
blending component for improved quality motor fuels. 


The operation of this process is particularly attrac- 
tive in those cases where low cost isobutane is avail- 
able in sufficient quantities to alkylate with available 
olefins. Although some isobutane is present normally 
in admixture with olefins in gases produced from 
thermal cracking operations, it is not available in 
sufficient quantities to alkylate with the available 
olefins. In these cases isobutane must be made up 
from other sources such as separation from natural 
gas or isomerization of available normal butane. 


Light gases from catalytic cracking will in some 
cases, depending upon the conversion and type of 
catalyst employed, contain a relatively high percent- 
age of isobutane, sufficient in quantity to alkylate 
with a substantial portion of the butylenes and pro- 
pylenes available. In such instances the alkylation 
process is well suited to operate in conjunction with 
catalytic cracking to obtain the maximum yield of 
high octane gasoline. 

The UOP Paraffin Alkylation Process is a cata- 
lytic process utilizing either hydrofluoric acid or 
sulfuric acid as the catalyst. The materials which 
enter into the alkylation reaction are isobutane and 
olefins. The olefins ordinarily employed are butylene, 
propylene, and amylene. 

When isobutane is alkylated with butylenes, the 
volume of isobutane should be approximately 20 per- 
cent greater than the volume of olefin, yielding 160 
percent by volume of rerun alkylate.The yield of 
alkylate and the consumption of isobutane will vary 
slightly, depending on operating conditions and the 
olefin charged. 

In order to favor the alkylation reaction and mini- 
mize side reactions such as polymerization, the feed 
to the alkylation reactor is provided with an excess 
of isobutane over and above that required for alky- 
lating the olefins. This is accomplished by recycling 
a stream rich in isobutane. The higher the ratio of 
isobutane to olefin in the feed to the reaction zone, 
the higher the yield and quality of the alkylate pro- 
duced. Economic considerations and product quality 
requirements will determine the ratio used. For most 
cases the recycle of isobutane should be such as to 
provide five to ten times as much isobutane as olefin 
in the total feed to the reactor. 
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The alkylation reaction is carried out at tempera- 
tures in the range of 45° F. to 100° F. and at suffi- 
cient pressure to maintain the reaction mixture in 
a liquid phase. The lower temperatures are em- 
ployed when utilizing sulfuric acid. This relation 
does not apply when hydrofluoric acid is used; there- 
fore, the reaction may be carried at the higher tem- 
perature when using this catalyst. The operating 
pressure is such as to maintain the reaction mixture 
in a liquid phase. 

The reactor system used for this process provides 
for the intimate mixing of the dry hydrocarbon feed 
with the catalyst as well as cooling of the reaction 
mixture to remove the heat liberated by the reaction. 


After completion of the reaction in the reaction 
zone, it is necessary to separate the total hydrocar- 
bon reaction mixture from the catalyst as well as 
to separate the alkylate product from isobutane re- 
cycle and the hydrocarbons, such as normal butane 
and propane, which do not enter into the reaction. 

Because of the difference in physical characteristics 
of the hydrofluoric acid and sulfuric acid catalysts 
which may be used for promoting the reaction, the 
design of the unit will differ somewhat in the meth- 
ods for contacting and separating the catalyst from 
the hydrocarbon mixture, depending on the catalyst 
used. 

In the alkylation process one of the important 
operating variables is the strength of the acid. Since 
the acid catalyst in service becomes contaminated 
with dissolved tars, it is necessary to continuously 
replace a portion of the acid catalyst with fresh 
material to maintain a desired level of acidity. When 
sulfuric acid is used as the catalyst the acid strength 
is maintained by introducing fresh high strength acid 
and discarding spent acid, which can be used for 
other operations in the refinery, such as gasoline 
treating. Hydrogen fluoride can be purified by a dis 
tillation step to effect the separation from the heavy 
hydrocarbon contaminants. The hydrofluoric acid 
purification is carried out on a continuous basis, re 
turning the purified acid to the reaction zone to maift- 
tain the desired acid strength. 


Catalytic Alkylation—rTypical Results 








| Butylenes Amylenes 
from from 
Catalytic Catalytic 


FEED STOCKS Cracking Cracking 





Operating Conditions: 
Isobutane-Olefin note. 5:1 10:1 


‘ 90 
Reaction Temp.—*F. (Hs0. 45 
Acid-Hydrocarbon Ratio 1:1 
Acid Strength. . : 87-90 
Product Quality: 
Octane Number ASTM Clear 92 
E.P. 350 
RV -* bab Teakres ‘ 45 
Conversion Factors: 
Vol. 350° EP Alky./Vol. Olefins 


1.6 
Vol. 350° EP Alky./Vol. Isobutane 1.2 


.25 





Catalyst Consumption: 
Using HF as catalyst*—Gallons Alkylate/tb 


Acid 
Using H2S804 as # Catalyst—Gallons ae 
Acid. ... 2.0 0.5 


85-150 














* One of our plants operating at 5000 barrels or more per * 
day, has averaged 168 gallons of alkylate per pound of acid 
entire year's operation. 
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For the Solution to All Your 
Liquid Level Reading Problems 


Use JERGUSON LIQUID LEVEL GAGES 


LIQUID LEVEL GAGES: Reflex, Transparent, Tubular, 
Distant Reading, Heated, Cooled, Vacuum Jacketed, Non- 
Frosting and High Pressure. LIQUID LEVEL GAGE 
VALVES: Standard, Offset and Jacketed. WATER COL- 
UMNS, TRI-COCKS, GAGE ILLUMINATORS, SIGHT 
GLASSES, SPECIAL DESIGN Sight Glasses, Visual Re- 
torts, etc., made to fit individual requirements. 


REFLEX GAGES (Liquid Shows Black). An easy-to-see, 
accurate liquid level reading gage. Liquid shows black with a 
sharp, clear line showing the level, contrasting with a bright, 
mirror-like appearance in empty space above. Covers made of 
heat treated forged alloy steel in high pressure groups; certi- 
_ fied malleable iron castings in low pressure group. Glasses of 
Pyrex with molded prisms. Available with polished end stems 
for replacing tubular glass. Complete range of standard sizes 
for pressures up to 3200 Ibs. @ 100° F. 


TRANSPARENT GAGES. Used for accurate liquid level 
reading where color and density of liquid must also be noted. 
Simple and rugged . . . will give long, satisfactory service on 
new equipment or as replacements for old-style tubular glass 
gages, for which they are available with polished end stems. 
Complete range of standard sizes for pressures up to 2000 


Ibs. @ 100° F. 
TUBULAR GLASS GAGES. Improvement on conventional 


design because better protected and has special stuffing box 
feature to prevent torsional stress on glass. Fitted with 
Jerguson Valves. 


SPECIAL GAGES. Heated and Cooled Gages for use where 
liquid must be kept hot or cool for accurate reading of level. 
Vacuum Jacketed Frost Preventing Gages. High Pressure 
Gages available for use under extremely high pressures; being 
tested up to 20,000 Ibs. working pressure. Engineering and 
building of special gages and valves to meet specific problems. 


GAGE VALVES. Exceptionally complete line of gage valves 

. standard, offset and jacketed. All have union connection 
to vessel; available in plain or quick closing; convertible from 
plain to quick closing; ball pushers, Drain connections 4”, 
%” or ™%” at no extra charge. Variety of different tank con- 
nections on special order. Valve #64, illustrated, has union 
connection to gage; the gage can be turned at any desired 
angle and can be easily removed without removing valves or 
draining liquid from vessel. 


GAGE ILLUMINATORS. New wedge light principle with 
Plexiglass construction assures even diffusion of light through 
gage glass. Available in explosion proof construction. 


REACTION CHAM- 
BER GAGES. With 
this unit the gage cham- 
ber acts as a reaction 
chamber which is ca- 
pable of withstanding 
pressures up to 1,000 
ibs. The charge can be 
agitated to test mixing 
qualities under various 
pressure and _ tempera- 
ture conditions, before 





Reaction Chamber Gage 





Gage Illuminator  in- . : 
stalled on back of Tru- 24 after samples being 
level Distant Reading taken from the outlets. 

Boiler Water Gage A great many Jerguson 








a , q 
: 5 | 
—- eae ||| eee 
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Type No. 64 Valve 


ae 


Reaction Chamber Gages have been designed and built for 
special applications. We shall be glad to work with you to 
design and build Reaction Chamber Gages to meet your 
needs. 


NON-FROSTING GAGES. These gages 
have special frost preventing unit in direct 
contact with gage glass. The unit protrudes 
beyond cover so that frost cannot build up 
across slot in cover forging. Idea] for plants 
in chemical or petroleum industries where low 
temperature fluids must be gaged. 


FLANGED END GAGES. Where safety 

measures require the elimination of all threaded 

connections, all standard Jerguson Reflex and 

Non-Frosting Transparent Gages, as well as valves, are avail- 

Gage able with flanged end connections. Gages may 
have flanged top, side or back connection. 


TRULEVEL GAGES. The only distant reading gage which 
can be quickly and easily checked at distant reading point. >Y 
simply turning two valve handles on cover it is possible t0 
check gage accuracy in a matter of seconds. Positive accuracy 
of reading with new type of datum column located at drum. 
Sizes for all pressures. 


Ask for detailed Data Units on any Jerguson products, 
write to us for engineering suggestions and assistance im te 
application of standard Jerguson gages and valves oF the 
development of special gages and valves to meet you 





JERGUSON GAGE 


112 Fellsway, Somerville 45, Mass. 
Manufacturers of Engineering Specialties Since 1913 
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& VALVE CO. 


REPRESENTATIVES IN MAJOR CITIES 
WITH PHONES LISTED UNDER JERGUSON 
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Amacontla 


Heat Exchanger 
Tubes and Plates 


THE AMERICAN BRASS COMPANY produces a diver- 
sified line of copper and copper alloy tubes and 
plates for condensers, heat exchangers, oil coolers 


and feed water heaters. 


This includes eleven standard tube alloys —as 
) well as duplex tubes for special requirements. 
Plites for tube sheets are made in widths up to 
156” (circles to 160”). Plates and circles are 
accurately alloyed, commercially flat, true to ee 

dimensions, uniformly machinable, and unsur- Installation of tube bundle equipped with Anaconda Arsenical Admiralty 


. : Condenser Tubes at the Houston, Texas refinery of the Shell Oil Company. 
passed in soundness and close-grained structure. 


From such an extensive line, it is possible to STANDARD ANACONDA 
CONDENSER TUBE ALLOYS 


select the material i i i- \ : ; 
aterials which will serve economi Arsenical Admiralty | Cupro-Nickel 








cally and efficiently under the most unusual con- Ambraloy (Aluminum *Ambrac 
ditions. In choosi if Brass) Red Brass (85%) 
. choosing the specific alloys for your besete tated 
Ambraloy (Aluminum peoxidized Arsenical 






manufacturing needs, you are invited to consult Bronze) C 
opper 


our Technical Department. 47131 Super-Nickel Deoxidized Copper 


*Reg. U. S. Pat. Off. 









Other Anaconda Products 


The American Brass Company produces a long 
list of coppers and copper alloys in various 
commercial forms (sheet, strip, plate, wire, 
rod, seamless pipe and tube, extruded and 
drawn special shapes and die pressed forg- 
ings). For information on all Anaconda Metal 
Products, write for Publication B-28. 





















COPPER AND COPPER ALLOYS 
Concentration of Everdur Clectrical Conduit and Everdur THE AM E RI CAN B RAS S co M PANY 


fittings, located in a moist alcove between cooling towers 
at the Torrance Refinery of General Petroleum Corpora- General Offices: Waterbury 88, Connecticut 
tion. After nine years in this corrosive atmosphere, the Subsidiary of Anaconda Copper Mining Company 
installation shows no sign of corrosion — while rustable x In Canada: ANACONDA AMERICAN BRASS LTD., 















aa 


% .™ 
Pe conduit in the same area failed in a few months. New Toronto, Ont. 
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HF Alkylation Process 





PHILLIPS PETROLEUM COMPANY 


i= alkylation of an isoparaffin such as isobutane, 
with olefins, such as propylene, butylenes or amy- 
lenes, using hydrofluoric acid as a catalyst is a well- 
established process for producing high-octane-num- 
ber premium aviation and automotive fuels. 

The essential feature of the Perco HF Alkylation 
Process is the reaction of the olefins with an isoparaf- 
fin using liquid hydrofluoric acid as a catalyst. As 
shown in the flow sheet, liquid olefin-containing feed 
and isobutane usually are fed into the bottom of a 
mechanically-agitated reactor while liquid hydro- 
fluoric acid catalyst is fed into the top. After intimate 
contacting in the reactor, the hydrocarbon and acid 
are separated in a settler. Acid is recycled to the 
contractor and the hydrocarbon is purified and sepa- 
rated by fractionation and other means. 

The process is operated at ordinary atmospheric 
temperatures and at sufficient pressure to keep the 
hydrocarbon mixture liquid. The acid-hydrocarbon 
ratio most frequently used is in the neighborhood of 
1:1. A large excess of isobutane is used over that 
required for reaction with the olefin. External isobu- 
tane-to-olefin ratios from 4 to 1 up to 12 to 1 have 
been used. The acid strength normally is maintained 
in the range of 85-95 percent hydrofluoric acid. 

Several subsidiary operations are necessary to the 
process. The hydrofluoric acid catalyst is continu- 
ously purified by fractionation of a small portion of 
the circulating stream in an acid rerun unit as shown 
in the diagram. The hydrocarbon effluent is first 
treated to remove dissolved acid by fractionation in 
the azeotropic tower. The excess isobutane is re- 
moved by fractionation in a deisobutanizer, and the 
isobutane is separated from propane in a depropa- 
nizer before being recycled to the contactors. The 
deisobutanizer bottoms, containing all hydrocarbons 
heavier than isobutane, are catalytically defluorinated 
before being further fractionated. The fractionation 
steps following are dependent on the nature of the 
products desired from the process. In the flow sheet 
shown, normal butane, iso- and normal-pentane, avia- 
tion and heavy alkylate are all separated by frac- 
tionation. 

Typical operating and other data are given in the 
accompanying tables. Certain features to be con- 
sidered in designing a unit for peacetime motor and 
aviation fuel production would include: 


1. Combination of the main azeotropic fractionation step‘ 


with the deisobutanizing step, one fractionator serving both 
functions. A small azeo tower could be used on a bleed stream 
to a depropanization step. This change would result in sav- 
ings in capital investment, utilities, and in maintenance. 

2. Simplification of the acid-rerun equipment by use of a 
single column, acid-soluble oil and water being removed at 
the bottom of this column together, and by the use of a 
higher column pressure to eliminate the necessity of over- 
head-product pumps with attendant savings in maintenance. 

3. In production of alkylate for motor-fuel blending, the 
fractionation of aviation alkylate from heavy alkylate could 
be eliminated in most cases with further savings in utilities 
and in capital investment for a new plant. 
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A very comprehensive treatise of the subject of HF Alkyl 
ation was published in a book by the same name by Phillips 
Petroleum Company, Perco Division, Bartlesville, Oklahoma, 
licensors of HF Alkylation. 


TABLE 1 
Typical Operation of HF Alkylation Unit 


Charge to Unit: 





Propylene. 
Butylene 
Amylenes 


Total Olefins 
Saturated Hydrocarbons* 


Total Feed 


Recycle Isobutane 10,300 


Bbl. per Calendar Dayt 


Yields: Bbl. per Day 





Aviation alkylate 
Heavy alkylate 

Isopentane 

Normal Pentane 

Propane ‘ 

Acid-soluble oils - 
Aviation Alkylate Yield, bbl. per bbl. Olefin 
Isobutane consumption, bbl. per bbl. Olefin 
Operating Conditions: 

Isobutane-Olefin ratio (external 

Acid-Hydrocarbon ratio 

Pressure, psi 

Temperature, °F. . 

Contact time, minutes 
Acid Catalyst: 

litrable acidity, Wt. Percent 

Oils plus solids, Wt. Percent 

Water, Wt. Percent 


* Contains 418 bbl. Isobutane 
+t Tota! stream—-S0O percent purity 


TABLE 2 
Typical Properties of HF Alkylate 


Depentanized | Heavy 
Aviation 


Alkylate Alkylate 





| 
| 
| 


Gravity, °API ‘s 69.7 
ASTM Distillation, °F.: 
IPB ; 
10 Percent 
50 Percent 
90 Percent 
End Point 
Reid Vapor Pressure, Ib. 
Octane Number, ASTM 
+1 cc TEL 
Octane Number, Research 
+ 1 ce cL 


178 
200 
220 
239 
327 
2.3 
89.8 
100.7 
91.6 
99.7 


TABLE 3 
Utility and Chemical Consumption HF Alkylation 


Basis—3000 bbl. per day aviation alkylate was operation. 
3400 bbl. per day motor alkylate-redesigned peacetime plant. 
—— 





New 


| Wartime 
Design 
___ 


Operation 


115,000 
1,300 
5,300 

283 
12,000 


UTILITIES 





Steam, Ib. per hour 

Electricity, kw 

Water Circulation, gpm 

Water, makeup, gpm.. 

Fuel gas, cu. ft. per hr.. 

Chemical, Ib. per month: 
Caustic Soda... 
Bauxite 
Hydrofluoric 
Lime 

Labor: 
Operation, man-hours per day.... . , 157 
Maintenance, man-hour per day. 


9,850 
105,000 
60,000 
1,500 





Acid 
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OIL WELL SUPPLY COMPANY 
Branches Serving All Oil Fields 


Executive Office—Dallas, Texas Division O fices—Casper, Wyoming 
Export Division Ofice— Columbus, Ohio . . . Dallas, Texas 
30 Rockefeller Plaza Houston, Texas... Tulsa, Oklahoma 
New York 20, N. Y. Los Angeles, California 


UNITED STATES STEEL: 
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Courtesy Lummus Company 
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CALIFORNIA DIVISION GULF COAST DIVISION 


Office: 934 N. Alameda St., Los Angeles, California Office: 949 Mellie Esperson Bldg., Houston, Texas 
i ; ; : Southeast Texas Southwest Texas So. La. and Miss. 
Los Rnesies ty > eg Points San Joouge. vey Store Points District District District 
LOS ANGELES Bakersfield Store Points Store Points Store Points 
Ventura Taft BEAUMONT Alice Harvey, La. 
HOUSTON Freer ’ Thibodaux, La. 
Eunice, La. Mirando City Brookhaven, Miss. 
CENTRAL MIDWEST DIVISION Jennings, La. Mission Natchez, Miss. 


Office: P. O. Box 478, Dallas 1, Texas Pettus 


East Texas, N. Louisi- North Texas and West Texas MID-CONTINENT DIVISION 
a Ss anees a ne Steve Office: 405 Kennedy Bldg., Tulsa, Oklahoma 
Dorado, Arkansas Abilene BORGER Big Spring Monahans Kansas District Store Points Oklahoma District Store Points 
Greggton, Texas Albany Graham Denver City ODESSA Eldorado Anadarko 
re, Texas Anson Pampa McCamey Sundown Ellinwood Cushing 
VEPORT, LA. Wichita Falls Hobbs, New Mexico McPherson Healdton 
a ean 
taffor auls Valley 
EASTERN DIVISION Wichita Oklahoma City 
Office: P. O. Box 1020, Columbus 16, Ohio | Rect ld 
Illinois District Store Points Michigan District Store Points Wewoka 
Bridgeport Mattoon Gladwin 
—. = Carmel Grandville ROCKY MOUNTAIN DIVISION 
a ney Mt. Pleasant Office: 137 West 6th Street, Casper, Wyoming 


iy City Sal ity ‘ 
Fairfield. Griffin, Ind. a Colorado and Wyoming District Montana District 


Store Points Store Points 
Ohio District Pennsylvania W. Virginia and Arent R Wooning po a Weomine. 
Store District Kentucky District Worland "Wyoming : 
Points Store Points Store Points : 
COLUMBUS Bradford Charleston, W. Va. Canadian District 
gan Franklin Clarksburg, W. Va. . 
Newark Oil City Parkersburg, W. Va. Office: 208 Lancaster Bldg., Calgary, Alberta 
ooster Washington Pikeville, Kentucky Store Points 
Zanesville Bolivar, N. Y. Edmonton, Alberta Okotoks, Alberta 


OIL WELL SUPPLY COMPANY 


Branches Serving All Oil Fields 
Executive Office—Dallas, Texas Division Offices—Casper, Wyoming 
Export Division O ffice— Columbus, Ohio. . . Dallas, Texas 
30 Rockefeller Plaza Houston, Texas... Tulsa, Oklahoma 
New York 20, N. Y. Los Angeles, California 
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SHELL DEVELOPMENT COMPANY 


‘es greatly expanded alkylation capacity, brought 
about over the past five years by the unprecedented 
wartime demand for high-octane aviation gasoline, 
has been largely maintained in operation to meet 
peacetime upgrading of the octane number of motor 
fuels. This postwar production of alkylate requires a 
high consumption of isobutane, used in its manufac- 
ture, which in many refineries is greater than the 
amount normally available from natural gasoline and 
cracking operations. The Shell Butane Isomerization 
Process provides means for supplying this deficiency. 

Briefly, the process is one in which normal butane 
is converted, under the influence of a catalyst, to iso- 
butane. In many naturally occurring mixtures of 
butanes, or synthetically prepared cuts of butylenes 
and butanes, the proportion of normal butane is 
greater than that of isobutane. 

A typical analysis of a C, cut from reforming 
operations (i.e., the fraction containing butanes and 
butylenes) is as follows: 





Percent 

by Weight 
Isobutylene .... .. 20.0 
Normal butylenes ... . 27.0 
EE Bb ioe. 30 Wes .. 18.5 
Normal butane . 345 
100.0 


Such a mixture is not suitable as the sole charge 
stock for alkylation operations as it is deficient in 
isobutane. However, if normal butane, which usually 
is discarded from the operation, is taken as charge 
stock for an isomerization unit, the requisite quantity 
of isobutane will be formed for charging to an alkyla- 
tion unit. Some of the normal butane charged to the 
isomerization unit is unconverted and accompanies 
the isobutane. The unconverted normal butane is 
segregated in the fractionation section of the alkyla- 
tion plant and is once more charged to the isomeriza- 
tion unit, thus the normal butane is recycled through 
isomerization and alkylation plants until conversion 
is completed, eliminating or materially reducing the 
necessity for obtaining natural isobutane. 

The process consists of passing normal butane in 
vapor form, at a moderate temperature, through one 
or several reactors, each containing a granular bed of 
catalyst, a constituent of which is aluminum chloride. 
Dry hydrogen chloride gas is incorporated with the 
butane vapors to act as a catalyst promoter. The 
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construction of the reactors may provide for a single 
catalyst bed, or may be of a heat-exchanger type with 
the catalyst placed in tubes surrounded by circulating 
cooling liquid as shown on the accompanying dia- 
gram. 

~ The discharge from a single pass through the re- 
actors flows to a receiver through a cooler and a 
refrigerated condenser which condenses all the 
butanes, the hydrogen chloride going into solution, 
A small amount of uncondensable gas is vented from 
the receiver after being scrubbed with product recycle 
to recover hydrogen chloride, and the condensate is 
charged to an HCl stripping column, which effects 
substantially complete removal of recycle hydrogen 
chloride gas. 

The accompanying flow sheet shows the essential 
features of a typical isomerization plant. The hydro- 
carbon charge is picked up by the charging pump and 
passed through a drying step which extracts the last 
trace of moisture. The feed is completely vaporized 
and the flow is divided in the desired proportions to 
the reactors; each individual stream receives its cor- 
rect amount of hydrogen chloride recycle gas. 

The vapors pass through the catalyst beds and 
exit streams combine befofe flowing through coolers 
and condensers. The condensate is run to a receiver 
from which it is pumped to the HCl stripping column, 
Butanes, substantially free of hydrogen chloride, flow 
from the base of the column, while vapors, consisting 
largely of hydrogen chloride, are recycled to the 
reactors. The last traces of hydrogen chloride in the 
isomerized product are removed by caustic scrubbing. 

No special materials are required for the construc 
tion of the plant since dry hydrogen chloride, under 
the conditions prevailing in the process, is not corro- 
sive. Temperatures and pressures under which the 
plant operates are moderate, consequently the re 
quired capital outlay is low. 

The catalyst has been developed specially for the 
purpose. It is rugged, cheaply produced, and has 
long life; these factors combined make its regenefé 
tion unnecessary. The catalyst is resistant to poisons, 
but it is necessary to reduce the proportion of olefins 
and pentanes in the charge stock to a low figure, 
both of these produce objectionable by-products and 
tend to shorten the life of the catalyst. 

The process is licensed by Shell Development Com 
pany, New York. 
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For more than half a century, Wyandotte Chemicals 
Corporation has made a business of supplying chemi- 
cals to meet the most exacting requirements of industry. 


Today, such Wyandotte chemicals as Caustic Soda, 
Soda Ash and Chlorine are playing an important : 
part in the processing of many petroleum, chemical | 


and petro-chemical products. Still other Wyandotte P 
. . : 
Chemicals, some of them listed below, are finding P 
increasing acceptance in the petroleum refining hy 
industry. ot 
No matter what your chemical requirements may be, 7 
you can rely on products identified by the familiar 
trade-mark, Wyandotte. Wi 
WYANDOTTE CHEMICALS CORPORATION 
WYANDOTTE, MICHIGAN + OFFICES IN PRINCIPAL CITIES 
Soda Ash « Caustic Soda + Bicarbonate of Soda « Calcium Carbonate « Calcium Chloride ¢ Chiorine « Hydrogen « Dry Ice « Glycols D| 
Ethylene Dichioride « Propylene Dichloride * Chioroethers *« Aromatic Sulfonic Acid Derivatives « Other Organic and Inorganic Chemicals 
152 Petroleum Refiner—V ol. 27, No. 9. Sef 





Rie eed 


a 


= mee Se 





For the complete job on your gas processing plant—deal with 
the originators of GIRBOTOL and HYGIRTOL 


inden in this book you 
will read about the Girbotol 
Process which removes and/or re- 
covers acidic gases, and the Hygirtol 
Process which produces high purity 
hydrogen at lower cost than any 
other commercial method. 

Girdler’s work on these is typical 
of Gird!er’s complete follow-through 
on all gas processes plants. 

Girdler designs your gas process 
With the latest improvements in 


principle. And Girdler does all the 
engineering, constructing, testing 
necessary to give you a finished plant 
that functions perfectly under the 
operating conditions. Girdler’s op- 
erating engineer departs only after 
the acceptance test has been com- 
pleted to your full satisfaction. 
Whatever your gas processing 
problem, you benefit by Girdler’s 
wide experience in designing, engi- 
neering, and building processes for 


gas manufacture, purification, sep- 
aration, and dehydration— processes 
involving hydrogen sulphide, carbon 
monoxide, carbon dioxide, inert and 
controlled atmospheres, natural gas, 
refinery gases, liquid hydrocarbons, 
hydrogen, nitrogen. 


THE GIRDLER CORPORATION, LOUISVILLE 1, KY. 
GAS PROCESSES DIVISION 
DISTRICT OFFICES: 
150 Broadway, New York 7—2612 Russ Bidg., San 
Francisco—311 Tuloma Bidg., Tulsa 3 


‘GIRDLER* 


DESIGNERS, ENGINEERS AND CONSTRUCTORS OF GAS PROCESSING PLANTS 
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Pentane and Butane Isomerization Processes 





STANDARD OIL COMPANY (INDIANA) 


Ta Indiana Isopentane Process is a method for 
isomerizing normal pentane to isopentane. In this 
process, as in the Indiana Isomate Process, the cat- 
alyst is a liquid aluminum chloride-hydrocarbon com- 
plex promoted with anhydrous hydrogen chloride. 
In the Isopentane Process, cracking and dispropor- 
tionation are suppressed by inclusion of a small 
amount of cyclic hydrocarbons in the feed to the 
isomerization unit. Although both naphthenes and 
aromatics are suitable for this purpose, benzene is 
most effective. From about 0.3 to 1.3 weight-percent 
based on charge is sufficient to inhibit cracking and 
to maintain the catalyst activity. As in the Isomate 
Process, conversion is accomplished by passing the 
hydrocarbon solution of hydrogen chloride in a dis- 
persed phase upward through the catalyst complex. 
Suitable operating conditions for pentane isomeriza- 
tion include a reactor temperature of 195-225° F. and 
a reactor pressure of 275-325 pounds per square inch. 

The use of benzene to replace hydrogen as a crack- 
ing inhibitor permits operation at a lower pressure 
and effects a considerable reduction in initial invest- 
ment. The process is characterized by high yields 
and low catalyst consumption. 

An Indiana Isopentane Process installation has the 
added advantage that it can with little change be 
used for isomerization of normal butane. With such 
operations, a cracking inhibitor is unnecessary, since 
can be isomerized with negligible 


normal butane 


tendency toward cracking or disproportionation. 

The Isopentane Process usually is operated on a 
recycle basis. An installation has been operated at the 
Texas City refinery of the Pan American Refining 
Corporation in conjunction with an alkylation unit, 
in the manner shown in the diagram. Deisobutanized 
alkylate is charged to a depentanizer, here the pen- 
tanes are taken overhead and subsequently split in 
an isopentane tower. The feed-preparation towers 
also are used for product fractionation. 

Hydrogen chloride from the hydrogen chloride 
stripper and a small amount of benzene are added 
to the normal pentane, and the solution is introduced 
through a distributor at the bottom of a column of 
aluminum chloride-hydrocarbon complex. The pen- 
tane isomate passing overhead from the reactor con- 


tains small amounts of entrained catalyst. A portion 
of this catalyst separates out in a hot settler. The 
effluent from the hot settler then is cooled, permit- 
ting further separation of catalyst in a cold settler, 
Hydrogen chloride not flashed off in the cold settler 
is stripped from the product in the hydrogen chloride 
stripper, and is recycled to the reactor. The isomer- 
ized pentane then is cooled and washed successively 
with caustic and water to remove the last traces of 
catalyst and hydrogen chloride. 

Since the equilibrium is favorable to high once- 
through conversion, it is not always necessary to 
fractionate the product. However, if nearly pure iso- 
pentane is desired, the product can be passed to the 
fractionation system used for feed preparation. Thus, 
isopentane is removed overhead from the depentan- 
izer, debutanized, and sent to isopentane storage. 

A modification of this process can be used for the 
isomerization of normal butane to isobutane. Butane 
is dried and introduced into the top of a hydrogen 
chloride absorption system in a manner analogous 
to the Isomate Process. The normal butane solution 
of hydrogen chloride is passed upwardly through the 
aluminum chloride-hydrocarbon complex catalyst in 
the absence of added cracking inhibitors. The tem- 
perature and pressure used in the butane isomeriza- 
tion process are 210° F. and 400 pounds per square 
inch. The isomerized butane passes through settlers 
for the removal of traces of catalyst and thence toa 
hydrogen chloride stripper. The hydrogen chloride is 
removed overhead and recycled to the hydrogen 
chloride absorber. The stripped butane is caustic 
washed and passed to a debutanizer, which may be 
that connected with the alkylation unit operating on 
the isobutane produced. The butane from the debu- 
tanizer passes to a butane splitter, the isobutane 
going overhead to an alkylation unit or storage, and 
the normal butane being recycled to the isomeriza- 
tion system. 

Two commercial installations of this type have 
been constructed and operated successfully, one at 
the Whiting, Indiana, refinery and the other at the 
Wood River, Illinois, refinery of Standard Oil Com- 
pany (Indiana). 

Licenses for both the butane and pentane isomer 
ization processes are available through Standard Oil 
Company (Indiana). 


, , - ) 
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GASOLINE AND FUEL OILS 
SYNTHETIC DYES, PAINTS AND 


AND ASPHALTS e 
CHEMICALS e 


Acetic anhydride 
Acetone and other ketones 
Ammonia 

Aniline and other amino-aromatics 
Asphalts 

Aviation gasoline components 
Benzene 

Beverage alcohol and spirits 
Butadiene 

Carbon tetrachloride 

Catalytically cracked gasoline 
Chlorinated hydrocarbons 

Coke 


Ethyl acetate, butyl acetate, dibutyl- 
phthalate and other esters 


Ethyl benzene 

Ethyl ether and isopropy! ether 
Ethyl, isopropyl and other alcohols 
Explosives and smokeless powder 
Fats and fatty acids 

Filtrol fractionated lubricating oils 
Formaldehyde 

Glycerine and glycols 

Home burning oils 





EXPLOSIVES e 








e LUBRICANTS, WAXES 









PHARMACEUTICALS 


Industrial ethanol, isopropanol and 
higher alcohols 


Maleic anhydride 

Methanol, synthetic and natural 
Nitrobenzene and other nitroaromatics 
Nitroparaffines and derivatives 
Penicillin 

Petroleum products 

Phenol, cresols and xylenols from tar acid 
Phthalic anhydride 

Propane deasphalted stocks 


Pure hydrocarbons by fractionation or 
extraction 


Solvent-dewaxed lubricating oils 
Solvent-extracted lubricating oils 
Streptomycin 


Synthetic acetic acid and acetic 
anhydride 


Synthetic camphor 
Synthetic phenol 


Thermally cracked and reformed motor 
gasoline 


Toluene 
Trinitrotoluene 
Visbroken fuels 











Somewhere along the line of Badger’s experience can probably be found 


the aid your engineering department seeks to assure low manufacturing 





costs and dependable operation of the plant or unit you have in prospect. 






Above is a partial list of chemical, petroleum and petro-chemical products 





in the commercial processing of which Badger offers wide experience. 






For decades many of the most successful companies in the process industries 


have found that Badger service results in improvement of operating 






efficiencies and substantial over-all savings. 


1) | 


LONDON 














BOSTON 14 ° NEW YORK ° SAN FRANCISCO ° LOS ANGELES e 


Process Engineers and Constructors for the Chemical, Petroleum and Petro-Chemical Industries 


A SUBSIDIARY OF STONE & WEBSTER,INC. s 
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YOU CAN ENLIST 


THIS 








EXPERIENCE 


Recent and current Badger engineering 
and construction assignments include proj- 
ects for the following concerns: 


American Cyanamid Co. « American 
Maize-Products Co. « Anglo-lranian 
Oil Co., Ltd. « Armour & Co. « The 
Atlantic Refining Co. « California- 
Texas Oil Co. « Consolidated Refin- 
eries, Ltd. (Haifa) « Dow Chemical 
Company « E. I. duPont de Nemours 
& Co., Inc. « Esso Standard Oil Co. « 
Eli Lilly & Company « General Petro- 
leum Corp. « Gulf Oil Corp. « Gulf 
Refining Co. « Hancock Chemical Co. 
* Hercules Powder Company, Inc. « 
Hiram Walker & Sons, Inc. « Humble 
Oil & Refining Co. « Jefferson Chem- 
ical Co.. Inc. « Kuwait Oil Co., Ltd. 
* Reichhold Chemicals, Inc. * Socony- 
Vacuurn Oil Co., Inc. « Stanolind Oil 
& Gas Co. » U. S. Industrial Chemi- 
cals, In 
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Liquid-Phase 
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Isomerization Process 











SHELL DEVELOPMENT COMPANY 


ae Shell Liquid-Phase Isomerization Process is 
an entirely continuous regenerative process adaptable 
to the isomerization of either butane or pentane and 
commercial plants have proven completely satisfac- 
tory with both feeds. Some special merits of the 
process are: a constant high conversion for either 
hydrocarbon per pass coupled with a very low cata- 
lyst consumption, high ultimate yields of the desired 
isoparaffins, constant operating conditions, con- 
tinuous catalyst make-up with continuous spent cata- 
lyst rejection, a high tolerance for feed impurities, 
apdeemployment of standard fabricating methods for 
nstruction. 
process, in brief, consists of contacting 
or n-pentane in the liquid state with a 
comprising a solution of aluminum chloride 
en antimony trichloride. Dry hydrogen chlo- 
s is introduced into the feed hydrocarbon as 
promoter. In addition, when the process is 
for pentane isomerization, hydrogen is intro- 
hlong with the hydrogen chloride to suppress 
ortionation reactions which, if not controlled, 
result in a low ultimate yield of isopentane 
bh catalyst consumption. The same plant can 
bloyed for processing either of the aforemen- 
hydrocarbons by including a compressor to 
the hydrogen required in the case of pentane 
zation. However, if a source of hydrogen at 
ired pressure is available, such that it can be 
a once-through basis, even the compressor 
Jae liminated. 
simplified diagram on the opposite page shows 
the essential pieces of equipment and indicates the 
flow of the catalyst, hydrocarbon, activator and dis- 
proportionation inhibitor streams. 

The normal liquid paraffin (butane or pentane) is 
charged continuously at essentially atmospheric tem- 
perature through one of two feed dryers, which are 
used alternately and renenerated periodically, through 
a heater where the temperature is raised to about 
180° F., thence through a packed catalyst scrubber 
column and into the contactor. A liquid-liquid extrac- 
tion of a small side-stream of the contactor catalyst 
with the feed takes place in the scrubber. The valu- 
able active catalyst components pass back to the 
contactor in solution while the fluid inactive AICI, 
hydrocarbon complex, which forms as a consequence 
of the small amount of side reactions, runs to the 
bottom of the column and is periodically drained off. 












































The contactor is a vertical autoclave equipped with 
a mixing device to provide intimate contacting of 
catalyst and hydrocarbon. A relatively short resi- 
dence time, of the order of 10-15 minutes, in the con- 
tactor is sufficient to achieve a high conversion; 50 
percent or better for butane and 55-60 percent for 
pentane. After phase separation of isomerizate from 
catalyst in the baffled upper settling section of the 
contactor, the isomerizate flows to the catalyst- 
removal column for separation of the dissolved cata- 
lyst by a simple fractionation. This recovered catalyst 
is pumped back to the contactor while the isomerizate 
is taken overhead, cooled, and passed to the accumu- 
lator from which it is pumped to the HCl stripper 
where the acid gas is removed and recycled to the 
contactor. The stripper bottoms are essentially free 
of HCl and after a caustic wash pass to subsequent 
operations. 

In pentane isomerization the bulk of the hydrogen 
is recycled from the vapor phase of the catalyst 
column accumulator, however, some passes in solu- 
tion to the HCI stripper and is recycled with the HCl. 

The small amount of uncondensable gas that is 
formed is vented from the vapor phase of the catalyst 
column accumulator through a scrubber, counter- 
current to a stream of HCl stripper bottoms which 
reabsorb HCl and reduce its loss to a minimum. 

The constant high conversion, inherent to the 
process, is achieved by the continuous removal of 
spent AlCl, complex and regeneration of the con- 
tactor catalyst with fresh aluminum chloride. To 
accomplish the AlCl, addition a small portion of the 
bottoms from the catalyst removal column, . which 
contain only a small amount of AICI,, is pumped 
through one of two AICI, saturator vessels, filled 
with lump AICl,, before it is returned to the com 
tactor. Since the AlCl, consumption in the process is 
quite low, this procedure serves to maintain the re 
quired concentration. 

Since the catalyst is solid at atmospheric tempera 
tures, lines carrying it are heat traced. Above its 
melting point, 165° F., the catalyst is quite fluid and 
easily transferred by pumping. All major pieces of 
equipment are of steel except those handling the 
catalyst which are nickel-clad. The temperatures of 
operation in the various units are moderate while 
the highest pressure necessary (HCI stripper) is. 
around 325 psig. 

This process is licensed by Shell Development 
Company, New York. 
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For your free copy of this new bulletin, just fill 
out the coupon and drop it in the mail. 


THE DURIRON CO., INC., DAYTON 1, OHIO 
Please send me, without obligation, a copy of your 
new General Catalog J. . 


Name © 

















Here is a new, 8-page general 
catalog issued by the largest 
organization in the world de- 
voted exclusively to the produc- 
tion of corrosion-resssting alloys 


This catalog: and equipment. 


1. Describes Durco corrosion- resisting alloys — Duriron, 
Durichlor, Durimet, Chlorimet, and Durco D-10, stating 
composition, physical and mechanical characteristics, and 
names the corrosives for which each alloy is recommended. 
2. Describes Durco equipment made of above alloys, as well 
as of Monel, Pure Nickel, Inconel, Ni-Resist and Nickel 
Cast Iron. 


3. States features of each type of equipment, also sizes, 
capacities and the alloys in which it is available. 


THE DURIRON CO., INC., DAYTON 1, OHIO 
Branch Offices in Principal Cities 


DURCO Adv. 53-GM* 
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PETRO-CHEM DEVELOPMENT CO., INCORPORATED 


120 EAST 41ST STREET, NEW YORK 17, 
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Isomerization Process 








UNIVERSAL OIL PRODUCTS COMPANY 


Th E UOP Isomerization Process was developed 
for the isomerization of normal paraffins to isoparaf- 
fins. This process has been used extensively for the 
isomerization of normal butane to isobutane which is 
one of the raw materials for making high octane 
gasoline blending component known as alkylate. The 
process is also applicable for the isomerization of 
normal pentane and hexane fractions for improve- 
ment of the octane number of these fractions. 

The process involves the contacting of a dry feed 
with a catalyst which contains aluminum chloride 
and hydrogen. chloride. The catalyst is deposited on 
the quartz chips packing in the reaction vessel and 
the activity of the catalyst is maintained at the de- 
sired level by the continuous introduction of fresh 
aluminum chloride dissolved in a portion of the 
liquid charge. Anhydrous hydrogen chloride is used 
as a promoter for the reaction and is recycled within 
the system to maintain the required concentration in 
the reaction zone. 

The liquid hydrocarbon and chemicals composing 
the combined feed are contacted in their passage 
through the reaction zone. In the isomerization re- 
action a minor secondary reaction takes place, 
namely, the formation of a viscous liquid sludge con- 
taining dissolved aluminum chloride and hydrogen 
chloride which spreads over the packing surfaces. 
The sludge thus formed continuously drains from the 
packing and separates from the butane stream below 
the catalyst zone in the bottom section of the reactor, 
and this small amount of material is drawn off inter- 
mittently to a neutralizing pit. The hydrocarbon 
effluent from the reaction zone, containing dissolved 
aluminum chloride and hydrogen chloride, then 
enters the aluminum chloride and hydrogen chloride 
recovery section. 

The isomerization reaction is slightly exothermic. 
The heat generated in the process is absorbed by the 
vaporization of some of the liquid passing through 
the reactor, and as a result the reaction is essentially 
isothermal. The process is operated at pressures in 
the order of 250-350 psi and temperatures of 190° F. 
to 220° F. 

The effluent from the reactor is fed to an aluminum 
chloride separation column where the net hydro- 
carbon product, together with recycled hvdrogen 
chloride is separated from the aluminum chloride 
which is concentrated in the bottoms stream from 
the column, consisting mainly of pentanes and nor- 
mal butane. 

The hot stream from the bottom of the aluminum 
chloride column containing between 1 and 3 pounds 
of aluminum chloride per barrel is returned to the top 





of the reaction vessel. Recycling aluminum chloride 
in this manner makes it possible to maintain a high 
concentration of aluminum chloride in the reactor 
which could not otherwise be possible without exces- 
sive chemical consumption. A small portion of the 
bottoms stream from the aluminum chloride colump 
is withdrawn to a caustic wash tower to reject con- 
tinuously the small amount of pentanes formed in 
the process, which otherwise would build up in the 
system. 

The overhead from the aluminum chloride. column 
is fed to a conventional HCI stripper to separate the 
HCl from the net plant product. The HCl from the 
top of the HCI stripper is returned to the reactor asa 
recycle stream. The bottoms stream from the HC 
stripper is caustic washed to remove any traces of 
hydrogen chloride before leaving the unit. 


The net product from the plant consisting of a 
mixture of isobutane and normal butane is sent toa 
deisobutanizer where the unconverted normal butane 
is separated and returned to the isomerization unit. 
Since the isomerization unit normally operates in 
conjunction with an alkylation unit, the isobutane 
normal butane separation generally is carried out in 
the fractionation train of the alkylation unit which 
separates an isobutane rich stream which in turn is 
fed to the alkylation reactors. 

The isomerization of pentanes or hexanes is caf 
ried out in substantially the same manner as that de 
scribed for the processing of normal butane with the 
exception that in the processing of these heavier 
materials there is a greater tendency for the forma- 
tion of sludge, and this must be counteracted by the 
injection of an inhibitor which serves to suppress 
secondary sludge-forming reactions. 


Typical Isomerization Results 
Normal Butane, Pentane and Hexane Feeds 


























Hexane 

TYPE OF FEED n- Butane n-Pentane Fraction 
Operating Conditions: 

Reactor Temperature, °F. 190 180 180 

Reactor Pressure, psig..." i 250 250 250 

HC! in Reactor Feed Mol., Percent... . 7-10 7-10 7-10 
Product Analyses: 

Isobutane. . . Te Pe 50 

Normal Butane.......... ‘ 4s 

OS ere 60 

n-Pentane..... aa. ; 2 38 

Hexane and Heavier).............. 2 
Octane Ratings: * 

Feed ASTM O.N. Clear............... 58-60 

Product ASTM O.N. Clear 75-80 

3 ec TEL/gal.... be a 88-93 

Catalyst Consumption: ss 

Lbs. AlCl3/bbl. iCs or iCs produced 0.3-0.5 0.5-0.7 

Lbs. HCI/bbl. iC or iCs produced 0.05 0.05 

ens - =F 
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UNDREDS of millions of dollars worth of equipment 

and products in both producing and refining fields 
are protected from fire and explosion by inert gas 
produced in Kemp Inert Gas Producers. 


The self-contained, low maintenance, automatic Kemp Inert 
Gas Generators provide 1,000 to 120,000 cfh of Inert Gas 
which can be stored under pressure or piped to many points 
throughout the plant, or merely made as needed. In any 
event, an adequate supply of gas is available at all times 
without danger of shortage due to errors, delivery problems, 
or other adventitious causes. 


Kemp Generators make inert gas by the complete combus- 
tion of gaseous fuels and controlled processing of the prod- 
ucts of combustion. The composition of the inerts depends on 
the fuel used and the ratio of air with which it is mixed. 
124%2% CO, 87% Nz and 12 of 1% residuals, either oxidizing 
or reducing as desired, is a typical product. 


Ah a The Kemp carburetor is fully 
@ . : ry : 


automatic and works on the 
. slide-valve principle illus- 

trated in the small diagram at 
left. The slides move in the 
direction B-B, controlled by 
lockable vernier micrometer 
handwheel adjustment, to set 
the mixture. They move in the 
direction A-A, automatically 
controlled by demand acting 
through diaphragm and yoke 
lever, to increase or decrease the delivery of the fuel-cir 
mixture. 


Average costs per Mcf are 10¢ for unprocessed inerts, 12¢ 
for compressed inerts, 17¢ for desiccated inerts. Low pres- 
sure nitrogen averages 16¢, compressed nitrogen 18¢, and 
desiccated nitrogen 23¢ per Mcf. These figures are based 
on a medium-size generator, low pressure delivery at 15” 
water column, high pressure delivery at 100 psi, and cool- 
ing to within 10° F. of cooling water temperature. Bottled 
gases, setting aside the expense and nuisance of handling, 
labor, cylinder inventory, etc., frequently cost 100 times as 
much as gases made in your own plant with Kemp equip- 
ment. Moreover, there is no waste in Kemp-generated 
inerts. Fuel and power costs are exactly in proportion to 
demand. You make and pay for exactly what you need. 
Kemp Inert Gas Generators are virtually automatic in oper- 
ation, virtually free of maintenance for many years, and 
provided with every necessary protection against fire haz- 
ard. They are simple and rugged in design, fully accessible 





GAS 


to anyone with a screwdriver and a wrench, and operate at 
full efficiency without the services of an engineer. 


Kemp Safety Accessories protect against every hazard of 
flash-back in every kind of piping-system. Kemp flame- 
arresters, firechecks (manual and automatic), backfire pre- 
venters (indoor and outdoor types), explosion softheads, and 
safety-rod vents are widely used throughout industry and 
carry Underwriters’ Laboratories label. Kemp engineers 
will gladly advise on installation. 


Send for complete information on Kemp Inert Gas Generators 
in Bulletin I-10. 


3 MID Kemp Inert 
Gas Generator 
used by major 
western oil pro- 
ducer for line 
purging. 








50 MIHE Kemp Inert Gas Generator supplying purging 


and flushing requirements at a midwestern oil refinery. 
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cnections 

moron toouns  ment-Gas SHIPPING COOLING — INERT-GaS 

we | FURL WATER oDiscHaRGe | ” "IT WEIGHT WATER DISCHARGE WEIGHT 
1 | Whew 1 14" 66” ys 70 i. ithe 1%" 

2 Bee 1 2 6" 40° 70 gz 3? S°* 70 SO 96" 

2 ee Ty’ 3 so" 46" 76 5 © 14” = A a! A go 
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2 2 6" Be .oo ee 

5 2'4" ibe Ba 140° 7 6" 10° 0" 25" 2” 6” 16’ 0” = + > 
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— 2" oe «@ ae” 76 100 2 a 
Se ha 170° 90 106 Bo Be ee 
15 eo, * ’ he 10 20° 0” 10° 0" 11'0° | he s * °° Se Fe 
30 =(4".6" 4 12 4” he 10 “ 





HE-type generators cool the inert gas in a heat exchanger. They are preferred for critical chemical process work o: 
whenever complete freedom from oxygen is imperative. In D-type models the gases are actively scrubbed by direct contact 
with water sprays; often preferred when sulphurous gases must be removed from inerts made of sour fuel. 
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NE authority says “Corrosion is a one-hundred-million 

dollar per year problem in the petroleum industry.” 

Kemp “Dynamic” Dryers are licking that problem in 
many petroleum refining and producing operations. Chief 
uses are: (1) humidity control for equipment and spaces to 
prevent mold, rust, corrosion, moisture absorption by prod- 
uct: (2) drying of gases (including compressed air) to sub- 
zero dew points to prevent condensation and clogging of 
instruments: and (3) desiccation of non-aqueous liquids. . 
Kemp Dryers are available as “standard” or “built-to-order” 
units. Yet “built-to-order” equipment, however complex and 
exacting the requirements, incorporate so much of Kemp 
“standard” design as to assure investment economies to the 
purchaser. 
Capacities range from | to 20,000 cfm; operating pressures 
from atmospheric to 2500 psi. Final dew points as low as 
—60° F. may be reached. Operation is manual, semi-auto- 
matic, or fully automatic. Gas, steam, or electricity may be 


Kemp “Dynamic” Dryers 





The operation of Kemp Dryers is extremely simple. No 
engineering skill is required; any intelligent workman can 
be instructed in a day. 


Installation, too, is relatively simple though a Kemp techni- 
cian is always at hand to make the basic settings and 
adjustments. 


Design or selection of equipment is the foundation of full 
success in service. Here is where Kemp engineers give 
weight to many factors: quantities and materials to be dried, 
speed and degree of drying. diameter and depth of drying 
beds, pressure, and many other variable factors. Experience 
alone—and we have years of it— guides the weighting of 
these factors in achieving profitable trouble-free operation. 
That experience is at your service. Send for a Kemp engi- 
neer or ask to see Bulletin 25-D. 






















Typical Kemp 
compressed air 
drying unit of 
the ORIAD (oil 
refinery instru- 
ment air dryer ) 
type designed 


used to supply the heat for reactivation of the adsorbent. 

The typical cycle is one of adsorption, reactivation, and cool- 
ing. Wet gas enters the drying tower and passes through 
a bed of silica-gel or activated alumina, the depth of which 
is determined by the degree of dryness which is sought. After 
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the adsorbent tower has exhausted its designed capacity 
(determined by time on the line) the gas flow is directed to 
the twin tower. Ambient air is now driven through a heater 
and through the first tower at 300° to 350° F.; thence through 
a cooler and to the atmosphere. When the bottom of the des- 
iccant bed reaches reactiva- 
tion temperature all water 
has been removed. Air inlet 
and outlet are now closed 
and the heater shut off so that 
one volume of air is continu- 
ously recirculated through 
tower and cooler until the 
desiccant is restored to room 
temperature and ready to go 
back on the line when 
needed. Usual cycles run 
from 8 to 12 hours. 


Costs are low! Compressed 
air may be dried to sub-zero 
dew points for “4 to 13 of l¢ 
per Mcf when capacity of 
over 3,000 cim is available. 
In the 300 to 2,000 cfm range 
cost is l¢g to 2¢ per Mcf. A top 
figure for small units without 
pre-cooling or refrigeration is 
4¢ to 6¢ per Mcf. 


Kemp “Dynamic” Dryers are 
adapted to handle hydrocar- 
bons, refrigerants, organic 
intermediates, solvents, aro- 
matics and other liquids. 


Typical application of 





from saturation 


of —30° F. 


KEMP dynamic dryer (left) to a KEMP 
inert gas producer (right). This installation 

delivers 5,000 cfh of inert gas dried to —40° F. 
dew point, for purposes of purging and blanketing. 


for 100 cfm of 
air at 80 psi 
and 70° F.dried 


to a dew point 




















Isomate Process 





STANDARD OIL COMPANY (INDIANA) 


, Indiana Isomate Process is a method for con- 
verting low-octane-number pentanes and hexanes 
into isomers of higher octane number. Liquid alumi- 
num chloride-hydrocarbon complex promoted with 
anhydrous hydrogen chloride is used as a catalyst. 
Hydrogen is added to repress cracking and dispro- 
portionation and to maintain high catalyst activity. 
Conversion is accomplished by passing the liquid hy- 
drocarbon charge in a dispersed phase upwardly 
through the catalyst complex. The preferred operat- 
ing conditions are 240-250° F. and 700-800 pounds per 
square inch. Suitable charging stocks for the Isomate 
Process are light, straight-run naphthas containing 
pentanes and hexanes and but little heavier hydro- 
carbons. 

In addition to handling mixtures of pentanes and 
hexanes, the process is applicable for the isomeriza- 
tion either of pentanes alone or hexanes alone if the 
refinery situation indicates such operations to be 
desirable. However, for the isomerization of pentanes 
alone, the Indiana Pentane Isomerization Process is 
somewhat more economical. 

When charging a mixture of pentanes and hexanes, 
the Isomate Process can be operated on a once- 
through basis to manufacture a product of 80 un- 
leaded CFR-M octane number. Exceptionally high 
liquid yields, in the order of 100 volume-percent on 
charge, can be obtained in this type of operation. By 
fractionating the once-through isomate and recycling 
the low-octane-number pentanes and hexanes to the 
reaction zone, the quality of the product can be raised 
to 91 unleaded CFR-M octane number with but a 
slight sacrifice in yield. When recycling is employed 
with a charge stock consisting primarilv of paraffinic 
hexanes, the principal product is neohexane. 

Isomate plants of approximately 5000 barrels and 
1750 barrels per day capacity have been constructed 
and successfully operated at Whiting, Indiana, and 
Salt Lake City, Utah. Pentane recycling was em- 
ployed at Whiting and hexane recycling at Salt 
sake City. 

Referring to the flow diagram, naphtha feed passes 
first through a calcium chloride dryer or other drying 
means, a sand filter, and thence to the top of a hydro- 
gen chloride absorption tower. In the absorption 
tower hydrogen chloride is recovered from the re- 
cycle gas. A small amount of makeup hydrogen 
chloride is added as required at this point. The 
naphtha containing dissolved hydrogen chloride 
passes from the accumulator at the bottom of the 
absorption tower through a preheater to the reactor. 
The naphtha and gaseous hydrogen are introduced 
simultaneously through a distributor at the bottom 
of the reactor, which is an open vessel filled with 
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aluminum chloride-hydrocarbon complex catalyst. 

The hydrocarbons, being considerably lighter and 
substantially immiscible with the catalyst, pass up- 
ward through the catalyst. The effluent from the re. 
actor, consisting of isomerized naphtha, hydrogen 
chloride, hydrogen, and a small amount of entrained 
catalyst, passes successively through a hot settler, a 
cooler and a cold settler. The catalyst is separated 
in the two settlers and returned to the reactor or to 
catalyst storage ; hydrogen and hydrogen chloride are 
flashed off in the cold settler, and hydrogen chloride 
remaining in the effluent from the cold settler is 
removed in the hydrogen chloride stripper. The liquid 
product from the bottom of the hydrogen chloride 
stripper passes through a cooler and then succes 
sively through caustic and water washes to eliminate 
the last traces of catalyst and hydrogen chloride, 
Hydrogen chloride from the stripper is recycled to 
the absorber. The isomate product can be debu- 
tanized for blending into aviation fuel or blended 
directly into motor fuel. 

In some instances, it may be desirable to further 
fractionate the isomate. The isomate fractionation 
system used in connection with the smaller installa 
tion is also shown on the flow diagram. 

Crude isomate is passed first to a depentanizer in 
which butanes and pentanes are taken overhead and 
hexanes, along with traces of heavier materials, are 
removed as bottoms. The overhead butanes and pen- 
tanes are separated by fractionation, the pentanes 
passing to a pentane fractionator from which sub 
stantially pure isopentane is taken overhead, with 
normal pentane eliminated as bottoms for possible 
recycle to the isomate unit. The hexanes and heavier 
materials from the bottom of the depentanizer pass 
to a hexane fractionator where neohexane and d 
isopropyl are removed as overhead products; the 
bottoms are sent to a rerun tower where cyclohexane, 
and heavier materials unsuitable as charging stocks 
for the isomate process are removed. The overhead 
methylpentanes and normal hexane from the rerui 
ning operation may be combined with normal per 
tane and recycled to the isomate unit. 

Products from the Isomate Process are primarily 
of interest as blending stocks for high-octane aviation 
fuels. However, the process is very suitable for im 
proving the octane number of light straight-run naph- 
thas for motor fuels where low - octane - number 
charging stocks such as normal pentane and normal 
hexane are available, or where octane ratings must 
be increased beyond levels attainable with existing 
equipment. 

Licenses for operation of this process are available 
from Standard Oil Company (Indiana). 
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ISOMATE REACTION PROCESS 
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The installation pictured above is one of two identical delayed 
coker furnaces which have been in operation on the west coast 
for two years. Specifications called for Bigelow-Liptak engi- 
neering utilizing unit-suspended wall and arch construction 
with special emphasis at three potential ‘trouble spots.” 


Offset construction, as shown at the left, provides a positive seal 
despite the differences in expansion movements of the unit-suspended 
wall and the tube sheets. Radial tile replace the vulnerable sharp 
corners. A minimum of tube sheet protective castable is exposed 
and its corners are protected. 


Substitution of a free floating nose for a rigidly hung assembly 
eliminates tile and casting failures. Self-aligning castings permit the 
entire nose to accommodate expansion movements without stress. 


The free swinging or pendulum type of arch support is carried 
through the entire flat arch giving the same advantages as the 
nose described above. Offset construction at these corners stops 
leakage and shields expansion joint material from hot furnace gases. 


There are many types of standard Bigelow-Liptak construc 
tion. This was a no-casing job, using the 9” double wall, the 
standard 7” offset wall, and the 7” offset arch. More informa 
tion on industrial furnace enclosures is available upon request. 
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NATIONAL FOAM SYSTEM, INC. 
Office—Packard Building, Philadelphia 2, Pa. 


Sales Representatives 
SS NEW YORK DETROIT CHICAGO LOS ANGELES BEAUMONT PITTSBURGH 





COMPLETE FOAM FIRE PROTECTION 


CHEMICAL AND MECHANICAL FOAM EQUIPMENT 


NATIONAL FOAM GENERATORS TYPE RP AER-O-FOAM NOZZLES 


Dry Powder Foam By means of pickup tube, 
Generators are made AER-O-FOAM Liquid may 
forusewithseparate be used direct from the orig- 














“A” and “B” Chemi- inal 5-gallon container (as 

cals (as illustrated) illustrated). Other means of 

or for single com- producing AER-O-FOAM 
— pound. Both are suit- are available for portable or 
r: a able for portable or _—‘ fixed system service, 

fixed system service. AER-O-FOAM is a me- 


truction 


‘a 


They are made in’ chanical foam, produced 


sizes to give a foam from a proper mixture of 


delivery of from 300 AER-O-FOAM Liquid, 





to 4500 gpm per water and air by equipment 





ive seal 
spended unit. All National Foam generators are inspected and especially designed and developed by National Foam 
: i listed under the Underwriters Laboratories Re-examina System, Inc. AER-O-FOAM Liquid may be used with 
tion Service. either salt or fresh water in any unit. 
National Foam Powders are packed in hermetically sealed steel pails (as illustrated) 
with quick opening ring seals and closed under 800 lbs. pressure to prevent deteriora- 
ssembly ‘ : R : na aa ge? aanis : 
mit the tion. For easy identification, the background of the “A” pail is red, the “B” pail black, 


; and “2 in 1” yellow. 
t stress. 


National Foam “99” Foam Powder (as illustrated) fully protects alcohol, acetone, 
ether and other organic solvents. It is equally effective with alcohol-gasoline blends. 


We have had years of experience in the development, design and production of foam 


carried : ; : . : se wed 
ot producing chemicals and mechanical devices for economical and efficient application of 
s stops foam. 





> gases. 





Write for catalogue and let us suggest equipment best suited for your needs. The serv- 
ices of our Engineering Department are available without obligation. 
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lsoforming Process 





STANDARD OIL COMPANY (INDIANA) 


: Indiana Isoforming Process is suitable for the 
improvement of thermally-cracked naphthas, espe- 
cially those of high olefin content. The hydrocarbon 
vapors are passed over solid catalysts at high space 
velocities. Although the octane 
rating is moderate, extremely high yields are ob- 


improvement in 


tained. 

The degree of improvement in octane number in 
the Isoforming Process depends primarily upon the 
olefin content of the stock and the octane number 
level of the olefins. A high olefin content and low 
octane number are conducive to greater octane num- 
ber improvements. A typical improvement for a Mid- 
Continent thermally cracked naphtha is 4 to 5 units, 
for example, 68 to 72 ASTM clear. Coke-still naph- 
thas which have a higher olefin content and lower 
octane number can be improved 8 to 10 units, for 
example, from 59 to 68 ASTM clear. The process 
yields about 97.5 to 98.5 volume-percent liquid prod- 
uct based on charge. Small losses to dry gas and 
carbonaceous residues amount to about 1.8 percent 
based on volume charged. About 2.5 percent of a 
polymer boiling above the end point of the charging 
stock is formed. In addition to octane number im- 
provement, there is an appreciable desulfurization, 
which improves the lead response. 

The process is carried out at relatively low pres- 
sures, for example, 10 to 20 pounds per square inch, 
at temperatures of about 950° F. Space velocities of 
from 75 to 125 barrels per hour per ton of catalyst 
can be used. In some instances, even higher space 
velocities are practicable. The process makes use of 
solid catalysts and fixed-bed operation. The activity 
of the catalyst is maintained for a period of about 
48 hours, after which the catalyst requires regenera- 
tion. It is regenerated by burning off carbonaceous 
deposits with a flue gas containing an average of 5 
mol-percent of oxygen. The maximum regeneration 
temperature is 1050° F. In order that the process be 


ae 


continuous, it is necessary to have two reaction 
chambers operating in parallel, one being regener 
ated, while the other is on stream. 

Several types of catalyst are suitable. Acid-treated 
clays can be used as can synthetic catalysts of the 
silica-alumina type. Synthetic zeolites are especially 
effective and are preferred. 

The flow diagram on the opposite page illustrates 
the operation. The heavy naphtha charge is heated 
first by heat exchange and then by a furnace to the 
desired temperature. It passes as a vapor into the 
reactor that is on stream. The “isoformate” and small 
traces of polymer and gas pass from the reactor t 
the fractionator. Polymer is removed as fractionator 
bottom product; the overhead consisting of dry gag 
and “isoformate” passes to a separator, the gas being 
vented to an absorption plant and the liquid com 
densate passing to a depropanizer. The “isoformate” 
product is removed as bottoms from the depre 
panizer. 

A gas generator operating on air and fuel gas pro 
vides a flue gas containing about 5 percent oxygen, 
which is used for regeneration in the other reaction 
chamber. The effluent gas stream from the regenefa- 
tion passes to a waste-heat boiler for heat recovery, 
and thence to the stack. 

Isoforming units have been designed to process 
20,000 barrels per stream day of heavy cracked naph- 
tha. No commercial installations have been made, 
since commercialization was interrupted by the waf. 
It is only now that reconsideration is being given 
to their installation. The Isoforming Process should 
perform an important function in small refineries 
which have not yet installed catalytic cracking, m™ 
addition to being useful in all refineries where large 
volumes of coke-still naphthas and other thermally 
cracked stocks are available. 

Licenses for this process are available from Stané 
ard Oil Company (Indiana). 


: - ae 
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CAST STEEL 



























All PACIFIC Cast Steel Valves are readily 


available in your choice of several different 






high quality trim alloys, or combination of 






alloys, each possessing different inherent 







characteristics--some created to resist wear 





or galling, others possessing extremely high 


resistance to corrosion. There's a “right” 






trim for every tough piping problem. 


Trim materials other that those listed are 







available upon special order. 








12% CHROMIUM 
NICKEL ALLOY 
BRONZE 
STELLITE 
MONEL 
HMASTELLOY 
18-8 CHROME-NICKEL 


18-8 CHROME-NICKEL 
PLUS 3% MOLYBDENUM 


* TYPE 316 STAINLESS 
DURIMET "T” 
DURIMET “20” 
























“Eaming 4 Good Name ot Tudustry {* 
PACIFIC VALVE & PUMP COMPANY 


Main Offices & Factory: 2976 Cherry Avenue, Long Beach 7, California 







SALES } New York City Chicago, Illinois Houston & Beaumont, Texas St. Louis, Missouri Cleveland, Ohio 
It W. 42nd St. 205 W Wacker Dr. 7211 Ave. B., Beaumont 3952 Clayton Ave. Rockefeller Bldg. 
Orrices: | Howard Harmon Howerd E. Gibson F. M. Tyler & Co. General Equipment Co. H..L. Lowry 
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The chrome vanadium steel ingot from which this Pressure Vessel was forged weighed approximately 550,000 pounds. 


LARGEST FORGED ALLOY PRESSURE VESSEL EVER MADE 


Midvale makes one piece hollow Forged Pressure Vessels for the 


chemical, refining and process industries under the watchful eye of the 
Midvale quality control system. Midvale quality control starts with the 
design and is maintained through all operations to the finished product. 

The big fellow pictured here, for instance, was inspected by trained 
engineers at every step of the way from design to pressure testing. Every 
Midvale forged pressure vessel, regardless of size, is so inspected and 


controlled, assuring safety and quality. 


THE MIDVALE COMPANY - NICETOWN - PHILADELPHIA 


OFFICES: NEW YORK +« CHICAGO + PITTSBURGH 
WASHINGTON ° CLEVELAND ° SAN FRANCISCO 


STAINLESS AND TOOL 
STEEL BARS 


CORROSION AND HEAT 
RESISTING CASTINGS 
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FORGINGS AND RINGS 
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Catalytic Dehydrogenation Process 





UNIVERSAL OIL PRODUCTS COMPANY 


‘tee UOP Catalytic Dehydrogenation Process, 
broadly speaking, covers the removal of hydrogen 
from hydrocarbons to produce less saturated hydro- 
carbons. Such hydrocarbons, depending upon the 
degree of unsaturation, are useful in the production 
of fuels for internal combustion engines and as basic 
materials in the synthesis of rubber, resins and vari- 
ous chemicals. Catalytic butane dehydrogenation 
means removal of hydrogen from butane to form 
butylene and hydrogen. 

The catalytic butane dehydrogenation process pro- 
duces large yields of butylene due to the high effi- 
ciency of the catalytic reaction. The catalyst speeds 
up the desired primary reaction of dehydrogenation 
without a corresponding increase in the reactions 
which produce undesired secondary products. 


The reaction is carried out in reactor tubes con- 
taining a suitable catalyst at temperatures ranging 
from approximately 1000° F. to 1100° F. and pres- 
sures ranging from approximately 10 to 50 psi. 


The dry normal butane charge is heated to reaction 
temperature and introduced into the catalyst zone 
where it undergoes dehvdrogenation, drawing the 
required heat of reaction from an external circulating 
flue gas system. 

The material leaving the catalyst tubes is com- 
posed of unreacted butane, butylene, hydrogen, and 
a small percentage of other light gases such as 
methane, ethane, ethylene, propane, and propylene. 
It passes through the butane charge heat exchanger 
into a gas scrubber where it is cooled by a circulating 
oil stream and washed free of any entrained tar or 
coke. The gas then is compressed to 100-150 psi and 
discharged to the gas recovery system for separation 
of the butane-butylene fraction from the hydrogen 
and light gases. 

As the dehydrogenation reaction proceeds, a small 
amount of carbon is produced which deposits on the 
catalyst and reduces its activity. This carbon must be 
periodically burned off by circulating oxygen-contain- 
ing flue gas over the catalyst. 

In order that the processing may be continuous, 
the reactors containing the catalyst are built in pairs, 
and by means of suitable, automatically-controlled 
switch valves, one reactor is kept in service dehydro- 
genating butane, while the other is being reactivated 
by having the carbon burned off. 


The reactivating system is similar to the process- 
ing system and runs parallel with it. A reactivating 
gas of controlled oxygen content and sufficient vol- 
ume is used to permit burning the carbon from the 
catalyst without reaching excessively high tempera- 
tures. 

The reactivating gas leaves the compressor and 
passes through a heat exchanger and heater; it is 
then directed by means of switch valves to the cat- 





alyst tubes in the spent reactor. The inlet tempera 
ture is automatically controlled by firing valves on 
the reactivating gas heater and is normally carried 
at 800° F. 

The burning of the carbon from the catalyst pro 
duces heat which must be dissipated. Part of this 
heat is removed by raising the temperature of the 
reactivating gas itself, the remainder by the external 
flue gas circulating system. 


The reactivating gas leaving the catalyst tubes 
passes through a heat exchanger and into a gas 
washer, where it is cooled by water and then re 
turned to the compressor for recirculation. Excess 
gas, corresponding to the air added, must be dis 
charged from the system in order to prevent a pres- 
sure rise on the system. This gas is released by 
means of a pressure control valve which maintains 
constant pressure on the system. 


The oxygen content of the reactivating gas is con 
trolled between 1 and 3 percent to avoid excessive 
temperatures during the carbon-burning period. This 
is accomplished by means of an oxygen controller, 
which takes a continuous sample of the circulating 
reactivating gas stream and determines the oxygen 
content. As this varies, the controller operates the 
inlet air valve to admit the amount of air necessary 
to maintain the oxygen content at the desired figure. 


The circulating flue gas system, which serves to 
supply heat to the processing reactors and remove 
heat from the reactivating reactors, is composed of 
a blower, a heater, a stack, switch dampers and inter 
connecting ductwork. Part of the circulating flue gas 
passes from the blower through the heater, where 
it is mixed with hot combustion gases to bring it t0 
the desired temperature, after which it passes in i 
direct heat exchange with the processing reactor. 
The other part of the circulating flue gas passes 
through the cooling duct, where it is either sprayed 
with water or mixed with cool air; it then passes 
in indirect heat exchange with the reactivating tt 
actor. After passing through the reactors, the heat 
ing and cooling flue gases combine in a common out 
let duct and return to the blower. Pressure on the 
circulating flue gas system is controlled by dis 
charging excess gas to the stack. 


The commercial dehydrogenation of normal butane 
is usually carried out at a conversion of about 30 per 
cent per pass in a recycle operation. The ultimate 
yield of butylene is 75 to 80 barrels per 100 barrels 
of butane converted. 


In practice, the butane-butylene fraction usually 
has been fed to an alkylation or a polymerization 
unit in which the butylenes are converted to alkylate 
or polymer for the production of high octane gas@ 
line, while the unreacted butane is recovered for © 
cycling to the dehydrogenation unit. 
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PATENT CHEMICALS 


INCORPORATED 


PATENT CHEMICALS, INC., 
MANUFACTURING DIVISION 
335 McLean Boulevard, 

A Paterson 4, N. J. 


@ANTH RAQUI NON E DYES 


COLORS | OIL COLOR NO. 48 


PATENT FUELS & COLOR CORP., 
MARKETING DIVISION 
2410 Carew Tower, 
Cincinnati 2, Ohio 








BRONZES and BLUES An improved type of material for 
eee Sule: Dome Sine producing fluorescence in oils. 

eer — Petrol Blue TX 

Petrol Copper Bronze ae — = 2 Bright Fluorescent shade, good yellow body with green 

eo Coe Petrol Blue No. 3 fluorescence used in increasing fluorescent tone of lubri- 

Petrol Copper PQ Petrol Traffic Blue cating oil. 

Petrol Bronze Petrol Blue BB 100% soluble, faster to light than natural color in oil, 


Petrol Bronze K (Greenest) 


Petrol Bronze ST 
Petrol Nugget Bronze GOLDS 


stable to heat. 














oe | ena s Petrol Gold G 
etrol lotem Bronze etroi GO 
Petrol Vermillion Pp Gade SPECIAL PRODUCTS 
Petrol Bronze R7 etrol G0 
(Reddest) Petrol Gold Leaf FOR THE PETROLEUM INDUSTRY 
Petrol Actec Gold 
GREENS — PETROL BLUE WHITENER Its principal use is found in 
YELLOWS B neutralizing undesirable yel- 
Petrol Traffic Green low shades in uncolored gaso- 
Petrol Green N.F ~—- saaow Cc line or kerosene. 
> - reenes ° . . 
Petrol Green 2G Petrol Yellow G. T. PETROL BLUE WHITENER Its character is similar to B; 
te ae : nae Petrol Yellow TT - its chief use is found in neu- 
Petrol Green 3Z her a we tralizing undesirable yellow 
Petrol Green ST in various base gasolines. 
Sora 6 apd ORANGES FLUORESCENT ORANGE AQ good bright Fluorescent 
etrol Green CSN . . 
Petrol Green MR Teint Qameee ¥ shade useful for shading oils, 
Petrol Green N. S. G. . (elloest)” a produces a chalky-bloom. 
Petrol Green CS wee Bara a DEBLOOMING AGENT A Has the property of neutraliz- 
Petrol Green K2 ewe + lide in Pee fa lubricatin oils. 
(Yellowest) Petrol Brilliant g g 
mall Pp N. P. A. COLOR Has the property of changing 
PURPLES Petrol Mandarine body color of pale oils to red 
Orange P3 cast without affecting natural 
Petrol Purple No. 4 (Reddest) fluorescence. 
(Reddest) 
Petrol Purple 3R REDS COLOR SOLVENT +9 Increases brilliance and solu- 
Petrol Purple SC bility of colors in waxes and 
Petrol Kero Purple Petrol Red P oils. 
Petrol Petrol Red D 
etrol Purple No. 2 etrol Re 
Petrol Purple JR Petrol Red C GASOLINE ADDITIVES 
Petrol Purple Petrol Rubylite 
Petrol Red NS INHIBITORS for STABILIZERS 
Petrol Purple K1 (Bluest) 
ad Gasoline | EMULSIFIERS 
BROWNS BLACKS Oils DETERGENTS 
Petrol Brown V7 Petrol Black Q Rust WETTING AGENTS 
” Petrol Black A HIGH PRESSURE DISPERSING AGENTS 
“—— a LUBRICANTS 
“Petrol” colors are being used for gasoline, kero- The “Patent” laboratories and technical staft a 


sene, lube oils, greases, waxes, tractor and diesel 
fuels, distillates, etc. 
Specify ‘‘Petrol’’ for Petroleum Colorings. the solution of any color problem. 


available for the development of special colors of 


Se; 





7 s y 
176 Petroleum Refiner—V ol. 27, No. 9 








INC., 
ON 





green 
lubri- 


in oil, 





nd in 
> yel- 
gaso- 


to B; 
| neu- 
ellow 
Ss. 

‘scent 
r oils, 
n. 

traliz- 
z oils. 
nging 
‘o red 
atural 


solu- 
5 and 


S 
NTS 


taff are 


s or for 


4 


No. 9 


Solvent Retining Processes 


Soxvent refining methods in the last few years have effected radical 
changes in the processing of lubricating oils, have been used extensively 
for the preparation of feed stocks for catalytic cracking, and have served 
in a variety of special applications for the separation of close-boiling 
hydrocarbons which could not be accomplished in conventional distilla- 
tion apparatus. 


In solvent refining, hydrocarbon mixtures are separated on the basis 
of their relative solubilities. Aromatic compounds, naphthenic compounds, 
and paraffinic compounds can be segregated without regard to volatility 
or the possibility of the thermal decomposition effects which often make 
distillations of heavy oils difficult. 


In lubricant manufacturing the good properties of paraffinic ma- 
terials are sought, and by the modern solvent refining processes oils of 
any desired quality can be uniformly produced from a wide variety of 
crude oils, with the percentage yield being the principal variable. The 
yield is directly dependent on the quantity of oil of the desired quality 
present in the original stock. No physical changes occur in the solvent 
refining processes, but only the separation of different groups of hydro- 
carbons. The development of the solvent refining processes has to a large 
degree eliminated the sharp distinctions once made between different 
crude oils on the basis of their suitability for lubricating oi] manufacture. 
Now crude oils are evaluated more nearly on the amount of lubricating 
oil of specified quality which they will yield. The old practice of classify- 
ing crude oils as either suitable or unsuitable for high quality lubricating 
oil manufacture to a considerable extent has been abandoned. 


Low carbon residue is desirable in feed stocks charged to catalytic 
cracking units, since the amount of carbon deposited on the catalyst in 
the cracking reaction is a principal factor in setting the throughput 
capacity of the unit. Several methods have been employed for preparing 
such low carbon residue feed stocks, including simple flashing, distilla- 
tion, viscosity breaking, delayed coking, and solvent refining. Solvent 
refining is especially suitable for the purpose because in addition to the 
ability to prepare a very clean stock of good color properties, such 
methods also avoid temperatures that cause thermal decomposition of the 
feed stock. Flashing and distillation methods are likely to cause some 
decomposition since high temperatures are needed to vaporize heavy 
oils. The other feed preparation routes accept some thermal decomposi- 
tion as an inherent part of the process method. 


Besides these applications of solvent refining methods to lubricating 
oil manufacture and to deasphalting of cracking unit feed, there are many 
other cases where the separation of hydrocarbons by group types is 
essential and may constitute the only practical route for the manufacture 
of a product. One such case is the extraction of toluene from selected 
crude oils or from Hydroformer effluent. This separation could not well 
be accomplished by distillation because the components present have 
similar boiling points. During the war solvent extraction methods served 
to furnish most of our toluene requirements. 


New developments in the manufacture of petrochemicals bring many 
more such cases into prominence. The plants currently under construction 
for the manufacture of synthetic gasoline are expected to have large 
volumes of oxygenated chemicals that will present complex fractionation 
and separation problems. It is expected that solvent separation methods 
will be found especially useful. 
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Duo-Sol Solvent Extraction Process 





MAX B. MILLER & COMPANY, INC. 


. Duo-Sol Solvent Extraction Process is a 
method for the production of lubricating oils of de- 
sirable quality from any base stock, either residual 
or distillate. 

The Duo-Sol Process is a system of extraction in 
which two partially miscible solvents of different 
specific gravity flow counter-current to each other, 
with the admission of the charge stock at an inter- 
mediate point in the system. The immiscibility of the 
solvents produces a system consisting of two layers 
of sufficient specific gravity difference to allow 
gravity separation in each of the exterior stages. The 
lighter layer is designated as the Raffinate layer and 
the heavier layer as the Extract layer. Propane, used 
as the raffinate solvent, is pumped into the Extractor 
No. 1 (E-1) together with the extract layer from 
Extractor No. 2 (E-2). Selecto, a blend of phenol 
and cresol, used as the extract solvent, is 
pumped into the Extractor No. 7 (E-7) together with 
the raffinate layer from Extractor No. 6. As can be 
seen from the flow diagram, the extract layers are 
pumped through the system and the raffinate layers 
flow by pressure differential, controled at the outlet 
of E-7 by a pressure control valve. While the solvents 
flow counter-current through the extraction system 
as a whole, the separation into layers in the indi- 
vidual extractors is obtained by flowing the mixture 
into a shallow box-type settling chamber extending 
the whole length of each extractor. The velocity, in 
the settling chamber, is maintained at less than tur- 
bulent flow rates to allow settling. The crude charge 
is pumped into Extractor No. 3 (E-3) together with 
the raffinate layer from E-2 and extract from E-4. 
This true counter-current extraction permits the pro- 
pane to remove in stages E-1, E-2, all traces of raf- 
finate material, resulting in the maximum yield of 
a given quality of oil. 

The solvents Propane and Selecto are removed 
from the extract and raffinate layers by distillation 
in raffinate and extract evaporators P-1—P-2 and 
N-1—N-2, which consist of an upper section for high 
pressure propane evaporation, and a lower section 
of the same vessel for evaporation of Selecto at low 
pressure. Attention is drawn to the use of the latent 
heat of the selecto vapor to effect the evaporation 
of propane in towers P-1 and N-1 through the use 
of the external heat exchangers No. 19 and No. 20. 
The final traces of selecto are removed by a steam 
stripping in towers P-3, P-4, N-3 and N-4. This 
steam is removed from the distillation system as a 
constant boiling mixture at the top of tower W-l. 
After condensation and decantation the water con- 
taining Selecto is pumped to the propane charge tank 
to reduce the selecto content to approximately two 
percent; from here it flows to tower W-4 where ad- 
vantage is taken of the fact that pure water boils at 
a slightly higher temperature than a Selecto-water 
constant boiling mixture. Steam overhead of W-4 
containing Selecto is employed for vacuum jets, while 
the steam obtained from the steam drum (F-19), 
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essentially Selecto-free, is employed after super- 
heating for the final steam stripping in the vacuum 
towers P-4 and N-4, resulting in exceptionally low 
Selecto losses to the products. 

The Duo-Sol process is the only solvent extraction 
process commercially employed for the production 
of a full line of motor oils by continuous operation 
on a single long residual charge stock, which after 
extraction, is continuously dewaxed andl rerun to 
final products of desired viscosity specification. Com- 
mercial Duo-Sol units have run continuously in this 
manner for as long as ten years on the same long 
residual charge stock, varying operation conditions 
to meet market requirements and interrupting op- 
erating only for periodic inspection and maintenance, 
The elimination of intermittent blocked operation 
and the drastic reduction in storage, testing and 
handling of many semi-finished stocks which the 
long residual processing permits, results in saving 
in both capital and operating costs. 

The Duo-Sol process, however, is not restricted to 
the long residuum type of operation. Maximum flexi- 
bility is available to meet any requirement that 
changing market conditions might impose, due to 
the ability of the process to refine any distillate or 
residual stock. Distillate oils may be processed with 
very high yield and at a high through-put. In the 
case of Bright Stocks the Duo-Sol process is the only 
single process that can charge short residual stocks 
and produce premium oils of high viscosity index, 
low carbon residue, and extremely light and stable 
color. As an example of the flexibility of the process, 
in the space of a month and a half one commercial 
plant has treated satisfactorily a light and a heavy 
Colombian distillate having gravities of 21.2° A.P.I. 
and 19° A.P.I. respectively, an Oklahoma City dis- 
tillate having a gravity of 28.8° A.P.I., and an Okla 
homa City residuum having an A.P.I. gravity of 21.0°. 

At the present time eleven plants are in operation 
in the United States with a total charge capacity of 
32,600 bbls. per day. Two plants under construction 
will add 16,000 bbls. daily charging capacity to this 
total. In foreign countries eleven plants have been 
constructed with a capacity of 16,000 bbls. daily, 
ranging from 250 to 10,000 bbls. daily capacity. 


Data from plant operation illustrating to a limited extent the 
flexibility and scope of Duo-Sol Solvent Extraction Process. 


= - = ————————— 





























East San Van 
Texas- Joaquin East Zandt Iraq 
Louisiana Long Texas Long 
Residuum | Residuum | Distillate | Residuum | Residaum 
| —— 
Charge Steck: 
Gr. (4.8.T.M.) 15.2 14.9 26.2 17.4 148 
Vis. @ 210° F. (SUS) | 760 257 47.4 | 179 | 194 
V.G.C. ..| 876 893 | 839 879 809 
Flash (°F.)...... 595 470 420 | 435 420 
Raffinate—(Dewaxed) : | a 
Gr. (A.S.T.M.) | 26.5 2.1 | 29 | 27.5 | 26 
Vis. @ 210° F. (SUS) ..| 433 | 610 | 48.0 64.4 54.2 
V.G.C. 809 *| 808 | Sil sis; 3 
, | SES | 95 |. 94 95 98 100 
Pour... 0 0 | 0 0 | 0 
Color (A.S.T.M.) | 8 r\ 4% 234 5 | 34 
Duo-Sol Yield percent by Vol.) 43.6 34.7 | 73.0 60.9 | 55.0 
Extract: on 
Specific Gravity | 1.026 1.0177; — 1.000 1.053 | i 
| I ——> 
r AT 
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Resistance to Rust Re-Usable 


6. 

Resistance to Corrosion 7. Easy to Clean 
8. 
9. 


Non-Sparking Long Service Life 


1. 

2. 

3. Non-Magnetic High Strength 

4. 

5. Attractive Appearance 10. Lower Ultimate Cost 
—an amazing combination of advantages in favor of non-ferrous 

ond stainless steel bolt and nut products. 


Prompt Shipment from Stock . . . Bolts, Nuts, Screws, Washers, 
Rivets, Accessories . . . Harper maintains stocks of over 5,000 indi- 
vidual items in Chicago and New York .. . large quantities of each. 


Nothing in common steel. Other non-ferrous arid stainless fasten- 
ings being added constantly. Specials made to order from ample- 
stocks of new metals. Write for catalog. 


HARPER 


THE H. M. HARPER COMPANY mmm (“4icage+ Neu York 
MORTON GROVE (Chicago Suburb), ILLINOIS 254 

585 WASHINGTON STREET, NEW YORK 11 anon 

Branch Offices: Los Angeles, Boston, Philadelphia, Milwaukee, 


Cincinnati, Dallas, Cleveland, $. Lovis. 
Representatives in other principal cities 
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CAPACITIES 
UP TO 


2000 Ibs. 
per 24 hrs. 







...for algae and 
slime control 


OPERATION ... SLASHES MAINTENANCE COSTS 


Eliminate costly algae, slime, and odors for 
cooling water systems by installing a rugged and 
dependable Paddock Chlorinator. Available in 8 
capacities ranging from 3-30 Ibs. to 200-2000 Ibs. 
of chlorine per 24 hours. 

High vacuum principle of operation makes the 
Paddock Chlorinator a compact, efficient unit 

. at approximately half the cost of similar 
equipment. Requires only 6 square feet of oper- 
ating space. Sturdy metal cabinet, finished in 
an acid resistant enamel, permits outdoor in- 
stallation. 

Maintenance costs are held to a minimum. No 
float boxes or float valves to wear out 
no make-up water to overflow and cause damage. 
Stone filter removes any foreign matter in the 
gas. Parts in contact with chlorine are of im- 


SURECLOR—Automatic Hypochlorite Feeder 


Designed for the small water system. Operates by water pressure. Positive 
check on correct chlorine content is quickly and easily determined by a 
color density test. Built-in test set with each SURECLOR. Ideal as emer- 


gency stand-by unit for gaseous chlorinators. 


3727 Atwell Street, Dallas 9, Texas 
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. . pure silver, glass, hard 


pervious materials 
rubber, and plastic. 

Write today regarding your algae and slime 
problems. Paddock Engineers will furnish esti- 
mates without cost. 





OTHER PADDOCK SERVICES FOR REFINERS 


Skilled engineers will assist in problems involving qualitative 
improvement or purification of water. Also write for: 
Cooling Tower Vacuum Filter Media 

Cleaners (silicia & anthracite) 
Pressure Filters 
Gravity Filters Pumps & Motors 
Chemicals Pump Strainers 








( “Texas 


M & M Bidg., Houston 2, Texas 
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Nitrobenzene Extraction Process 





THE ATLANTIC REFINING COMPANY 


; « Nitrobenzene Extraction Process for separat- 
ing the high grade lubricating oils, present in either 
the lube distillates or the residuum of any crude, from 
low grade components was developed and is operated 
commercially by The Atlantic Refining Company. 

A crude oil lubricating distillate or residuum is 
a mixture of hydrocarbons, some highly paraffinic, 
some of intermediate character, and some highly 
naphthenic or asphaltic. The highly paraffinic com- 
pounds are practically insoluble in nitrobenzene, the 
asphaltic and highly naphthenic compounds are very 
soluble, while the compounds of intermediate char- 
acter have solubilities between the two extremes. 
Hence, when oil is mixed with nitrobenzene the least 
desirable components are most readily dissolved and 
removed. 

The process is physical in nature, the chemical 
character of the various hydrocarbons remaining 
unchanged. The maximum yield is equal to the 
amount of oil of desired quality originally present in 
the stock, and is closely approached in practice. 

Nitrobenzene has a high specific gravity and a low 
viscosity at the temperatures employed for extrac- 
tion. As a result, mixing and settling in the extractor 
system are rapid and complete. The boiling point is 
low enough to permit a complete separation of sol- 
vent and oil by simple evaporation and steam strip- 
ping. Nitrobenzene and water are practically im- 
miscible and the separation of the 0.2 percent of 
solvent dissolved in water is very simple. At operat- 
ing and storage temperatures the solvent has low 
volatility, so that losses are small. 

Nitrobenzene is distinctive in its high solvent 
power for asphaltic, naphthenic, and aromatic com- 
pounds. The resultant low solvent-oil ratio to produce 
a given yield of a given quality oil, varying from 0.5 
volumes to 2 volumes of solvent per volume of oil, 
is important since solvent recovery is the major cost 
item in solvent refining. 

Essentially the process consists of two steps: con- 
tacting the charge oil with nitrobenzene in a multi- 
tage countercurrent extractor, composed of a series 
of mixers and settlers ; and then recovering the nitro- 
benzene from the raffinate and extract solutions. 
The raffinate solution contains the paraffinic fraction 
of the charge stock in which some nitrobenzene has 
been dissolved, while the extract solution consists of 
nitrobenzene and the undesirable material which it 
has dissolved. The nitrobenzene recovered from these 
solutions is re-used. 

The flow of material is illustrated by the diagram 
on the opposite page. The charge oil is first pumped 
through scraper water-coolers and thence to scraper 
brine-chillers. At this point it is diluted with extract 
solution from the second stage of the extractor. The 
mixture is then cooled to the operating temperatures 
and enters the first settler. Nitrobenzene flows 
through an exchanger and cooler to enter the extrac- 
tor at the fifth stage mixer, and flows through the 
extractor system counter-current to the oil. The raf- 
finate and extract solutions flow continuously from 
each settler into mixers or to the recovery system. 
The extract solution flows from extractor 5 to extrac- 
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tor 1 in succession, while the raffinate solution flows 
from 1 to 5. The extract solution leaving extractor | 
and the raffinate solution leaving extractor 5, in 
which it has been contacted with pure nitrobenzene, 
are ready for solvent recovery. The extractor system 
may be operated at constant temperature (40-80° F.) 
throughout or with a temperature gradient, as con- 
ditions dictate. 

The extract solution is heated in a series of ex- 
changers and then delivered to the evaporator-con- 
densers B, where the nitrobenzene present is boiled 
off under reduced pressure, using closed steam as the 
heating medium. The nitrobenzene vapor is con- 
densed for re-use. Plant operating pressures do not 
exceed atmospheric, and the maximum temperature 
used is 360° F. The extract leaving the evaporators 
contains about 5 percent nitrobenzene which is re- 
moved by stripping with open steam in tower C. The 
raffinate solution is treated in a similar fashion in 
the evaporator-condensers D and stripper E. 

Any water which has been in contact with nitro- 
benzene in the process is collected in settler F. The 
nitrobenzene which separates is dehydrated in evap- 
orator H, and returned to storage. The aqueous 
layer from settler F is heated by exhaust steam to 
about 125° F. and about 15 percent of the water is 
vaporized under vacuum in evaporator G. The vapor, 
which contains all of the nitrobenzene in the water 
charged to evaporator G, is condensed and returned 
to the separator. 

In general, oil of any quality up to Pennsylvania 
grade or better can be obtained from any distillate or 
residuum which contains any oil of this quality. The 
quality of the lubricating oil obtained is dependent 
on the degree of treatment. 

Charge stocks varying from light distillates (150 
S.S.U. viscosity at 100° F.) to heavy residuums (950 
S.S.U. viscosity at 210° F.) have been successfully 
processed at an average rate of more than 3000 bar- 
rels per calendar day in the plant at Philadelphia. The 
color reduction obtained ranges from 60 to over 90 
percent. The yield depends on the composition of 
the charge stock and the quality of product desired. 
The quantities of nitrobenzene required vary from 
one-half volume per volume of charge oil, rarely ex- 
ceeding two volumes per volume of charge oil. 

A typical waxy Mid-Continent S.A.E. 30 lube dis- 
tillate would be processed at a 3500 barrel per stream 
day charge rate with a 1:1 solvent-to-oil ratio at 50° 
F. extractor temperature and the operating condi- 
tions given in the flow diagram. Such a charge stock 
25.5° A.P.I. gravity, 434 Dilute A.S.T.M. Color, 75 
S.S.U. viscosity at 210° F., and 0.828 V.G.C.) would 
process to a 75 percent raffinate yield of 30.2° A.P.L. 
gravity, 3% A.S.T.M. color, 63 S.S.U. viscosity at 
210° F., 0.798 V.G.C., and 100 V.I. after dewaxing to 
0° F. Pour. The extract oil would test 13.0° A.P.L, 
146 S.S.U. viscosity at 210° F., and 0.919 V.G.C. 

The paraffinic oil made will have a higher A.P.L. 
gravity, a better V.G.C. and V.I., a much lighter colof 
and lower carbon residue than the charge stock. The 
extent to which these improvements are carried de- 
pends on the degree of treatment used. 
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Tower 
Packing 


Knight-Ware 

Tower Packings 

are widely used 

in scrubbing, dry- 

ing, recovering, 

reaction, rectify- 

ing, extraction 

and distillation 

columns. Popular 

shapes include 

Berl Saddles, 

Raschig Rings, 

Partition Rings 

and Spiral Rings. 

They are usually 

supplied unglazed 

since the natural 

matte surface 

wets better than a glassy 

surface. 


Berl Saddles 


Our most popular tower 
packing is Berl Saddles. They 

: provide from 20 to 50% more 
gm] usable surface and up to 100% 

J less resistance per unit volume. 
These properties make them 
especially suitable for vacuum 
distillation, extraction and high 
velocity columns. Besides per- 
mitting smaller sized equip- 
ment, in many in- 
stances they will pay 
Se. Ft. for themselves with 
Area Savings On power costs 

alone. Other advan- 
tages are: minimum 
channeling, reduced 
side thrust, and a 
stronger angle of dis- 
tribution. Made of 
Knight-Ware or porce- 
lain, Berl Saddles are 
corrosion-proof. 

All Knight-Ware 
Tower Packing is made 
4 from selected, washed 
—|— —|— and de-aired clays. Each 
tees! Bal type will withstand 

severe acid service, has a 
high crushing strength 
and will not spall. The 
one-inch Raschig Rings, 
for example, have 
shown an average of 
125 Ibs. in break tests. 
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Berl Saddles 
Tower Packing 


BERL SADDLES 








No. 
per per 
Cu. Ft. . |}Cu. Ft. 

113,000 274 

17,600 155 
6,000 99 








2,300 





690 





RASCHIG RINGS 


000 | 67 


,000 65 
| 
| 


),700 


»,000 46 
1,330 


670 





380 
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Corrosion-Proof Equipment 

Knight-Ware is a special ceramic product that is 
entirely inert to the action of all acids, alkalis and 
chemicals of any concentration (hydrofluoric acid and 
caustic soda excepted). 

Some of the forms in which Knight-Ware equip- 
ment is available, in standard or special designs, are: 
Pipe and fittings in bores of from 1” to 60”; towers 
in diameters of from 8” to 60”; acid jars, filters and 
kettles, 5 to 200 gals.; plug cocks in plain and lubri- 
cated styles; laboratory sinks, drain pipe and fume 
ducts. 





Pyroflex Construction 

Pyroflex is an acid- and alkali-resisting lining ap- 
plicable to steel, concrete, wood or masonry shells. 
This non-porous, flexible, seamless lining will not 
deteriorate with heat or age. It may be applied on 
the job or at our factory. 

Knight-Ware brick or tile over the Pyroflex pro- 
vides an extremely rugged acid- and leak-proof com- 
bination lining. Carbon brick may be substituted for 
Knight-Ware to handle hydrofluoric acid and caustic 
soda. 

We have installed linings or furnished completed 
units for such service as: steel pickling, metal plating, 
electrolytic refining, acid storage, acid concentration, 
salt crystallizers, acid trenches and neutralizing pits; 
equipment such as gas scrubbers, absorption towers, 
chlorine bleach towers and acid fume eliminators. 

Please furnish sketches and state service conditions 
when requesting quotation. 


Pyroflex units such as fume washers, cooling towers, absorb- 
ers and concentrators, are individual, custom-built units de- 
signed to meet the exact needs of the customer. 
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Furfural Refining Process 





TEXACO DEVELOPMENT CORPORATION 


aa is an extractive solvent extensively 
employed for refining a wide range of lubricating oils 
of any viscosity and diesel-fuel oil. Furfural origi- 
nally was chosen as most suitable for solvent extrac- 
tion of lubricating oils because of its high degree of 
selectivity for the undesirable components of petro- 
leum oils without possessing a high solvent power 
for the desirable components. It is unique in this 
respect. The addition of water or an “opposing” 
solvent is not required to control this solvent power. 
Furfural also was chosen because of its stability, low 
cost, availability and desirable physical characteris- 
tics. Being non-acidic and non-toxic, furfural can be 
handled without special protective provisions. Its 
boiling point is sufficiently low (323° F.) to permit 
its recovery from the lowest-boiling-point lubricating- 
oil stocks and even from diesel-fuel oil or furnace 
oils without appreciable loss of oil or solvent. Its low 
solid point (—38° F.) eliminates the danger or solidi- 
fication in lines or tanks in cold weather. The high 
specific gravity of furfural insures rapid and complete 


separation at normal operating temperatures in ex- _ 


traction towers of relatively small diameter. The 
critical solution temperature of furfural is high 
enough to permit its application to waxy or viscous 
oils at temperatures that insure treatment in a non- 
viscous, completely liquid state. The stability and 
recoverability of furfural is emphasized by the low 
operating losses experienced by commercial refining 
units. 

The wide application of furfural to solvent refining 
is illustrated by the fact that units ranging from 60 
to 6000 barrels per day of charge oil capacity, totaling 
over 41,000 barrels per day, have been installed in 
some 20 refineries for the solvent extraction of naph- 
thenic or paraffinic distillate and residual oils. Addi- 
tional furfural-extraction units having a combined 
charge capacity of over 40,000 barrels per day are 
under contract for construction. 

The furfural-extraction unit represented by the 
accompanying flow diagram comprises an extraction 
or treating section, a raffinate-recovery section, an 
extract-recovery section, water-removal facilities, 
process surge tanks and pumping equipment. Fur- 
fural, however, because of its stability over a wide 
range of operating conditions, lends itself to a vari- 
ety of methods of recovery from raffinate and extract 
solutions. Different types of the solvent-recovery sys- 
tems have been developed and used, in order to 
provide for maximum operating economy of each 
particular installation. 

One of the major improvements in the process in 
recent years has been the development of a highly 
efficient treating tower, in which an increased degree 
of fractionation is obtained between the relatively 
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insoluble, desirable lubricating-oil fractions and the 
more soluble, undesirable fractions. Untreated oil is 
introduced into the continuous countercurrent extrac- 
tor at some mid-point and at a predetermined tem- 
perature of from 110° to 200° F. The temperature of 
the furfural charged near the top of the extractor 
varies depending on the charge stock, up to 290° F. 
or higher. A substantial temperature gradient is 
maintained between the top and bottom of the tower 
by indirect water coolers provided to control the tem- 
perature spread. 

The extraction tower generally is operated with 
a prevailing oil phase through which the dispersed 
furfural phases passes downward over Raschig ring 
nests which afford an extensive surface of contact 
between the phases. This, in turn, promotes rapid 
and relatively complete equilibrium by interchange 
between the phases without mechanical mixing or 
pumping equipment. The concentration of undesir- 
able oily constituents in the furfural phase increases 
toward the bottom of the tower from which the 
extract solution is withdrawn continuously. Con- 
versely, the oil quality improves toward the top of 
the tower from which practically all oil of prede- 
termined raffinate quality that is present in the 
charge stock, overflows with a small percentage of 
furfural: dissolved in this phase. 

Further improvement in fractionation between de- 
sirable and undesirable constituents has been secured 
by the controlled recirculation or “refluxing” of ex- 
tract to the lower portion of the tower. The recircu- 
lated extract functions in much the same way as 
reflux to a distillation column, in that it sharply 
fractionates oil from the extract solution, and this oil 
rises again to the refining zone for re-extraction and 
consequent improvement in raffinate yield. 

The recovery of solvent is accomplished by com 
tinuous distillation of furfural from the raffinate and 
extract phases in the respective recovery sections 
followed by steam stripping of each product. The 
overhead condensate from the steam strippers sepa 
rates into two furfural-water layers, one rich and the 
other lean in furfural. The recovery of furfural from 
water is accomplished in a simple continuous frac 
tionating system in which dry furfural is removed 
from the bottom of one tower and water from the 
bottom of another tower, taking overhead from each 
a constant-boiling mixture of water and furfural 
which is condensed and returned for redistillatiom. 

This discussion is presented through the coopefa@ 
tion of Texaco Development Corporation, 135 East 
42nd Street, New York, New York, licensors of the 
Furfural Refining Process. 
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LOW AND HIGH PRESSURE 


also vessels, steel and 
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PEABODY 


DIRECT-FIRED 
AIR HEATERS 


for 


Catalytic 


Cracking Units 


Peabody Direct-Fired Air Heaters 
are ‘‘custom-engineered” for each 
installation. Units have been 
designed and operated with heat 
releases of 1,000,000 BTU to 100,- 
000,000 BTU per hour with pres- 
sures from sub-atmospheric to as 
many as eight atmospheres. 





Either gas or oil may be burned 
alone or simultaneously in these 
burners. Complete control of 
flame characteristics by perfect 
air-flow, fuel-flow, and fuel-air 
mixing principles offers depend- 
able and economical operation. 
Gas ring can be removed while 
burner is in operation. 














Write for Bulletin No. 703 AH—1 


PEABODY ENGINEERING CORPORATION 


ATLANTA. GA EVELAN 
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Phenol Extraction Process 





THE M. W. KELLOGG COMPANY 


a extraction is a liquid-to-liquid extraction 
process for improving the viscosity index and oxida- 
tion resistance, and for reducing the carbon and 
sludge-forming tendencies of lubricating oils made 
from crude petroleum. 

The process is employed successfully either before 
or after dewaxing on both distillate and residual oils 
from all types of crudes. The selective solvent em- 
ployed—phenol—gives high yields of desired prod- 
ucts and has exceptional stability. The solvent is 
continuously re-used with losses approximating 0.01 
percent of the total solvent circulated per day in 
well-operated plants. The high solvent power of 
phenol necessitates only comparatively low ratios of 
solvent to oil, a feature which is important in secur- 
ing low operating costs. 

A total of 11 phenol extraction plants now oper- 
ating in the United States and Canada have a com- 
bined oil-charge capacity of about 45,000 barrels per 
day. Six additional units now being installed in the 
United States will have a combined oil charge of 
about 23,000 barrels per day. 

Modern phenol extraction plants are continuous 
throughout and employ a very efficient vertical 
countercurrent extraction tower, the design of which 
permits usually high oil-charge rates per square foot 
of cross section. Heat requirements are kept to a 
minimum by utilizing heat from the condensing phe- 
nol vapors to vaporize solvent going to the extract- 
recovery system. 

A simplified flow diagram, outlining the complete 
treating and solvent recovery systems, is shown on 
the opposite page. Raw stock and dry phenol are fed 
into the treating tower. Prior to entering the treating 
tower, the feed stock flows through the phenol ab- 
sorber tower to remove the remaining phenol from 
process water being discharged from the plant. 

Raffinate phase is withdrawn from the top of the 
treating tower to the raffinate storage drum from 
which it is fed through a héat exchanger, exchanging 
heat with the treated raffinate oil, thence through 
a coil in the raffinate furnace and is flashed into the 
evaporator section of the raffinate tower at substan- 
tially atmospheric pressure. Phenol vapor recovered 
in this section flows to the phenol condenser and en- 
ters the phenol storage tank. 

The raffinate oil flows to the stripper section of the 
raffinate tower where it is stripped free of solvent 
with steam and is withdrawn from the bottom to 
storage. Steam and solvent vapors flow from the top 
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of the stripping section to a surface condenser and 
steam jet, the purpose of which is to maintain a suit- 
able vacuum for the stripping operation. The 
extract phase is withdrawn from the bottom of the 
treating tower and is fed through heat exchangers, in 
which heat is recovered from phenol vapors, and 
enters the drying section of the phenol tower in which 
all water is removed as constant-boiling phenolic 
water vapor. The phenolic water vapor leaving the 
top of this section is condensed and enters the phen- 
olic-water drum from which is drawn reflux for the 
drying section, as well as the water required for 
modification of solvent at the bottom of the treating 
tower. Dry extract solution is pumped from the bot- 
tom of the drying section of the phenol tower to the 
top of the evaporator section of the phenol tower 
where a portion of the solvent is flashed off. Phenol 
vapor reovered in this section flows through exchang- 
ers into the phenol-storage drum. The remaining ex- 
tract solution drops to a pan in the evaporator section 
of the phenol tower and is pumped through a coil in 
the extract furnace returning to a point below the 
pan in the evaporator section of the phenol tower. 
Extract oil containing a small amount of dissolved 
phenol flows from the bottom of the evaporator sec- 
tion of the phenol tower to the extract stripper 
where the last traces of solvent are removed by a 
stream-stripping operation, similar to that used for 
recovery of phenol from raffinate. Stripper extract is 
withdrawn from the bottom of this tower to storage. 

Treating results obtainable with phenol extraction 
may be gauged from the table below summarizing 
yields, treating conditions and product qualities for 
several different stocks. 























Deasphalted West Deasphalted 
East Texas Edmonds Oklahoma 
Short East Texas SAE 40 City 
Residue Neutral Stock Residue 
Solvent Quantity, Vol. Percent 300 128 213 227 
Treating Temperature, °F. 245 168 201 200 
Raffinate Yield, Vol. Percent. 64.5 74.1 88.2 82.2 
Inspections Untreated Oil: 
°API Gravity ; 23.0 26.2 28.3 23.8 
SSU Vis. at 210 °F....... _ 0 44.5 77.4 156.6 
Color—NPA.... 244 D 3— 4% 
Carbon Battes 3 Percent... fr 96 0.16 0.73 
Flash COC, °F.. 590 400 530 595 
Fire COC, i 680 455 595 665 
V.G.C. , 833 842 808 _ 53 
Dewaxed (Zero Pour) V. I. 59 63 81 74 
Raffinate Oil: + 
°API Gravity 29.0 | 326 30.2 27.1 
SSU Vis. at 210 °F .. 110.7 | 42.3 72.3 137 6 
Color—NPA... 5— | 1%- 2— 34— 
Carbon Retin, Percent 0.26 | 0.04 0.24 
Flash COC ° 600 405 530 605 
Fire COC oh - , 660 455 595 675 
V.G. C. 795 800 796 806 
Dewaxed (Zero Pour) V. I. 94 93 93 93 
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Take 


SODA FIBER GREASE 
IN 2%2 HOURS 


Cut Costs---Increase Plant Production 
Produce A More Uniform Product 


Stratco Pressure Soap Contactors and Oil Circu- 
lation Heating Systems make possible the manu- 
facture of soda fiber grease, from raw material to 
packaged product, at the rate of three batches in 
eight hours ... cup greases at an even faster rate. 


Simplified laboratory control . . reduced manpower 
requirements . . increased production of a more un- 
iform product result. The Stratco process has been 
fully tested and proved in commercial operation. 

















STRATFORD 
ENGINEERING 


CORPORATIO 
PETROLEUM REFINING ENGINEERS 


DIERKS BLDG. KANSAS CITY, MO. 
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REDUCES CONDENSER “DOWN-TIME”’ 


When high back-pressure due to 

slime fouling on condenser water-side 
surfaces results in excessive down-time and 
costly plug cleaning, the best “doctor” 

is chlorination. Here’s why: 

Properly applied chlorination 

by means of a job-engineered W&T 
installation is economical. In most cases, 
the cost of the equipment is saved 

in the first year. 

Chlorination gets at the source of the 


trouble by killing the micro-organisms 


WALLACE & TIERNAN 
PRODUCTS, INC. 


CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
Belleville 9, New Jersey * Represented in Principal Cities 





CD.29 
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that cause slime deposits. 
Plug cleaning is eliminated and 

equipment may be kept on the line thus, in 
effect increasing station capacity. 

Fuel costs are reduced through reduction 
in average back-pressure. 

W&T’s more than thirty years’ 

experience in water treatment are 

always at your call. Write today for 

a survey of your cooling 
water system —there’s 


no obligation. 
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Edeleanu Process 





E. B. BADGER & SONS COMPANY 


™ 
‘| HE Edeleanu Process, employing liquid sulfur 
dioxide as a solvent, has been used commercially 
since 1911 for refining petroleum products. Its first 
application was for the production of high-grade 
kerosines from highly aromatic and sulfur-bearing 
crude kerosine distillates. This advance over heavy 
acid treatments with their attendant high loss of 
hydrocarbons led to its eventual application to the 
entire range of petroleum products. The Edeleanu 
Process is unique insofar as it is the only solvent 
refining process by which all fractions of mineral oils 
may be extracted. The low boiling point of sulfur 
dioxide (14° F.) makes the problem of recovering the 
solvent relatively simple even though hydrocarbons 
in the gasoline boiling range are treated. 

The flow diagram on the opposite page, presented 
through the cooperation of E. B. Badger & Sons 
Company, 75 Pitts Street, Boston, Massachusetts, 
shows the essential equipment in a typical Edeleanu 
Unit. A study of the flow sheet shows that the plant 
consists of the following main sections: 

(1) Counter-current extraction tower for contact- 
ing oil and solvent. 

(2) Equipment for the recovery of the small 
amount of solvent which dissolves in the refined oil. 





(3) Equipment for recovery of the bulk of the sol- 
vent which leaves the extraction equipment in the 
extract. 

(4) Equipment for cooling oil and solvent, com- 
pressing, recondensing and dehydrating the solvent. 

Conventional equipment is employed and a simple 
system for continuously dehydrating the liquid sulfur 
dioxide eliminates corrosion. With minor exceptions, 
ordinary steel equipment is used throughout the 
plants. 


Liquid sulfur dioxide preferentially dissolves aro- 
matic hydrocarbons. It has a less definite preference 
for naphthenic hydrocarbons and little solubility for 
paraffines. The degree to which naphthenes and 
paraffines are dissolved depends upon the tempera- 
ture of extraction and the boiling range of the stock 
being treated. The lower the extraction temperature, 
the less paraffines and naphthenes will be dissolved. 
The lower the boiling range of the material being 
extracted, the greater will be the solubility of the SO, 
for paraffines and naphthenes. Generally, therefore, 
lower-boiling materials are treated at lower tem- 
peratures than higher-boiling ones. 


The extraction by liquid sulfur dioxide of naphtha 
is commercially accomplished at temperatures vary- 
ing from +10° F. to —60° F. The raffinates will be 
practically free of aromatics and frequently are sold 
as special solvents (VM&P naphthas, Stoddard sol- 
vent, etc.) or are reformed. The extract generally will 
have an aromatic content of from 55 to 85 percent, 
depending on the temperature employed and will be 
of high octane number and of high solvency power. 
By the addition of another processing step the aro- 
matic content may be increased to over 99 percent. 
This form of the process has been used to produce 
pure toluene from petroleum fractions. 


A large portion of the installed capacity im 
Edeleanu units is used for the production of high 
quality kerosines from aromatic and _ high-sulfur 
crudes. These operations generally are conducted at 
10 or 20° F. In this use of the process not only is 4 
kerosine raffinate of excellent color and burning 
characteristics produced, but the aromatic extracts 
also frequently are sold at a premium. 


The widely increased use of diesel engines has 
stirred interest in the Edeleanu Process for the pro- 
duction of better diesel fuels. Higher cetane numbers 
and lower carbon residues and sulfur contents are 
obtained in SO, raffinates produced either from 
straight-run or from cracked gasoils. 


A further indicated use of the process is for the ex 
traction of catalytic cycle stocks. The SO, raffinate 
is substantially as good a cracking stock as the orig- 
inal virgin-gasoil charge. The extract produced is 4 
highly aromatic and refractory material which will 
crack only to a very low yield of gasoline and is best 
diverted directly to fuel. The use of the SO, extrac 
tion step will result in obtaining highest overall gas 
line yield with the least use of cracking-plamt Ca 
pacity. 
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Actually, oil companies large and small, have in 
service, under erection or planned, at least ten 
times as many Expansion Roof tanks as all other 
types of gasometer roof tanks combined. It’s a ten-to- 
one ratio... the result of nine years dependable 
service ... of nine years effectively conserving 
petroleum products in storage. It’s proof of the 
many advantages the Expansion Roof alone offers 
to producers, refiners and marketers who know 
the importance of eliminating vapor losses. 


What's behind this universal acceptance of the 
Expansion Roof? Virtually complete conservation 
for one thing ... together with simplicity of design, 
ease of maintenance, dependability, accuracy of 
gauging and efficient operation in any climate. 


Take conservation, for example. Under normal 
Operation the Expansion Roof prevents venting of 
vapors to the atmosphere and prevents the intake 
of moisture-laden air. In single installations or in 
multiple installations with one or more Expansion 
Roof tanks manifolded to a series of cone roof 
tanks, the roof is designed to accommodate the 
vapors expanded by higher daytime temperatures 
or displaced by filling operations. Pumping out 
plus shrinking of vapors due to lower tempera- 
ture causes the roof to descend. In effect, the 
Expansion Roof results in a closed system that 
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prevents all breathing or standing losses and, 
under normal operation, most filling losses as well. 

Expansion Roof tanks are available in a com- 
plete range of capacities with roof lifts from five 
to ten feet depending upon the installation which 
they are to serve. Write today for details or quota- 
tions on the accepted conservation equipment for 
petroleum storage. 


FABRICATED PLATE DIVISION 


GRAVER TANK & MFG.(CO. INC. 


East Chicago, Indiana 





NEWYORK . PHILADELPHIA « CHICAGO «+ CATASAUQUA, PA. «© HOUSTON + SAND SPRINGS, OKLA 








Propane 


Deasphalting Process 





THE M. W. KELLOGG COMPANY 


: propane deasphalting process is a liquid-to- 
liquid extraction process employing propane as a 
solvent for the purpose of separating asphalt, color 
bodies, and other undesirable constituents from re- 
duced crudes, and for fractionating the clean oil thus 
produced into portions having different viscosities 
which may be subsequently further refined to finished 
lubricating oils. 

The early propane deasphalting plants were of the 
so-called stage type, in which the reduced crude was 
contacted with propane in only one or two stages 
without appreciable counter-current action. These 
earlier stage-type plants made possible the separation 
of a considerable amount of hard asphalt from re- 
duced crude but did not permit the production of 
deasphalted oils having light colors and low carbon 
residues suitable for subsequent refining with single 
selective solvents. Deasphalting plants installed in 
recent years have all been of an improved type with 
the older stage-settlers replaced by a vertical baffled 
tower. By employing a countercurrent flow of oil and 
propane within the tower and by properly controlling 
the temperature of the solution in the different por- 
tions of the tower, reduced crude is accurately frac- 
tionated in a series of stages into clean, light-colored 
deasphalted oil and high-melting point, relatively oil- 
free asphalt. It is probable that all future propane de- 
asphalting plants will be of the tower type and it 
now appears that this process will come into general 
use as the primary step in manufacturing high- 
viscosity lubricating oils from reduced crudes. 

The ability of the process to produce oil of excel- 
lent color and low carbon residue is completely inde- 
pendent of the asphalt content of the reduced crude. 
This fact, coupled with a low operating cost, makes 
it possible to produce lubricating oils commercially 
by this process from reduced crudes which have pre- 
viously been considered unsuited for the purpose. 
Reduced crudes containing as much as 50 percent 
asphalt are presently being handled by this process 
and light-colored, low-carbon residue deasphalted 
oils are being produced therefrom. 

‘Although the propane deasphalting process has 
been employed to date primarily for the purpose of 
separating reduced crude into asphalt and a de- 
asphalted oil fraction, the process is also employed 
for the fractionation of the deasphalted oil into two 
or more portions. By a simple variation of operating 
conditions, the highly viscous oil portions of reduced 
crudes may be separated into as many different frac- 
tions as is desired and each fraction subsequently 
utilized for the purpose for which it is best suited. 
Because all separations thus made with propane are 
carried out at relatively low temperatures, no crack- 
ing occurs and the fractions secured are free from 
thermal decomposition products. 

A simplified flow diagram of the’ propane de- 
asphalting process is shown on the opposite page. 
Reduced crude is pumped from storage through a 
steam heater into the upper portion of the deasphalt- 
ing tower. Propane is pumped from the propane- 


1S 


storage tank into the lower portion of the deasphalt 
ing tower from where it flows upward counter 
currently to the descending asphalt solution phase. De 
asphalted oil solution is withdrawn overhead and flows to 
a low-pressure steam propane evaporator, where q 
large amount of propane is flashed overhead through 
a condenser into the propane-storage tank. The de 
asphalted oil-propane solution flows from the low 
pressure-steam propane evaporator to the high 
pressure-steam propane evaporator where the ma 
jority of the remaining propane is flashed off, joining 
the stream from the low-pressure-steam propane 
evaporator. The oil flows from the high-pressure 
steam evaporator into a steam stripper, where the 
remaining propane is removed. Deasphalted oil is 
withdrawn from the bottom of the stripper and 
pumped to storage. 

The asphalt solution is withdrawn from the bot- 
tom of the deasphalting tower and passes through 
a furnace and thence to a flash drum where the 
greater part of the propane is flashed overhead, join- 
ing the combined propane streams from the low 
pressure- and high-pressure-steam propane evapora 
tors. The asphalt with remaining small percentage of 
propane is withdrawn from the bottom of the flash 
drum into a steam stripper, where the remaining 
propane is removed. The asphalt product is pumped 
from the bottom of the stripper to storage. 

The stripping steam and propane vapor from the 
asphalt and oil strippers passes to the jet condenser 
where the steam is condensed. The propane vapor 
goes to the compressor and thence to the propane 
condenser and storage tank. 





Typical Yields—Tower Propane Deasphalting 




















Van East i 
| Zandt /|California| Texas Mid 
Reduced Crude: 
°API Gravity.... 12.9 8.6 15.2 1 
SSU Vis. at 210 °F. 1249 7685 513 1716 
Car. Res., Percent. . 13.9 12.1 10.9 15.2 
Flash, COC °F... . 585 600 575 630 
Fire, COC °F...'.... | 675 690 665 695 
eae | .890 882 892 
Deasphalted Oil: 
Vol. Percent Yield.... 58.8 32.8 63.9 54.0 
°API Gravity........ 21.7 21.4 23.6 23.3 
SSU Vis. at 210 °F.... 171.9 176.4 112.9 1508 
Color, NPA..... 6 s— 6 5— 
Car. Res., Percent... . 1.81 1.73 1.32 1.55 
Flash, COC °F... .. 580 OG fo icccee 595 
Fire, COC °F..... 655 650 Gi 655 
2. ees 842 845 836 oH 
Asphalt: 
Vol. Percent Yield... | 41.2 67.2 36.1 46.0 
Specific Gravity... ... 1.0583 1.0445 1.0583 1.0603 
Melting Point, °F... ; 164 162 165 178 
\ —S—== 











The M. W. Kellogg Company has been appointed 
licensing agent for the process for the United States 
and foreign countries. Licenses granted are undef 
the patents and patent rights of Standard Oil Com 
pany (New Jersey), Union Oil Company of 
fornia, Standard Oil Company (Indiana) and The 
M. W. Kellogg Company. 
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(}" HEATERS 


With rising fuel costs it is more impor- 
tant than ever before to equip your 
plant with heaters operating at the 
nighest efficiencies . . . . that calls for 
BORN UPFLO HEATERS. 


Letters and reports from our customers 
consistently show over-all efficiencies 
ranging from 75% to 87% depending 
on type of installation and operating 
conditions. 


@ Less ground space required 
@ Low construction costs 
@ Low operating costs 


@ Negligible maintenance costs 


+. Your employees are protected by the fol- ke Preheated secondary air, without the use of 
lowing Safety Features: mechanical blowers, develops higher effi- 
ciencies and eliminates radiation losses. 


Explosion doors in roof 
Steam snuff lines 
All external parts of heater are cool enough to 


touch with your hand. 
al - Born Upflo Heaters are completely enclosed 
Positive damper control in a metal casing eliminating all fluctuations 


No “flash-back” possible due to varying wind velocities and direction. 


Call or write for complete information regarding the 
application of Born Upflo Heaters in your plant. 


BORN ENGINEERING COMPANY 


Engineers and Contractors 


TULSA, OKLAHOMA 


Pacific Coast Representative: CG. R. Nance & Co., Los Angeles, Calif. 





Canadian Associates: Canadian Brown Steel Tank Co., Ltd., Brandon, Manitoba 
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ALBERTA,CANADA 


At the present time we have projects under construction from Southern 
Texas to the Northern part of Alberta, Canada. Shown here are a few 
construction “shots” taken from our “progress files’. 






EFFICIENT ECONOMICAL 





ENGINEERING . . . DETAILED 











DESIGN . . . CAREFUL 














of CONSERVATIVE 
? CONSTRUCTION 

All under one 
d : 
experienced 

management 

REFINERIES — GASOLINE PLANTS — CHEMICAL PLANTS 
BORN “UPFLO” HEATERS 
BORN ENGINEERING COMPANY 
Engineers and Contractors 
TULSA, OKLAHOMA 
Pacific Coast Representative: G. R. Nance & Co., Los Angeles, Calif. 

on Canadian Associates: Canadian Brown Steel Tank Co., Ltd., Brandon, Manitoba 
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Propane Decarbonizing Process 





THE M. W. KELLOGG COMPANY 


Wicipas Decarbonizing is a continuous process 
for preparing low-carbon-forming ctalytic-cracking 
feed stock from reduced crude. It is the exact reverse 
of distillation in that the highest-boiling component 
is separated first. Instead of relying upon a difference 
in boiling points, Propane Decarbonizing effects the 
separation of asphalt by a difference in solubilities 
and at temperatures below 200° F. The asphalt sepa- 
ration is sharper than can be secured with vacuum 
distillation, and the fact that it is achieved at low 
temperature means that no thermal cracking occurs ; 
thus the decarbonized oil is truly a virgin stock. 

The process is distinguished by its high yields of 
clean catalytic-cracking stock; its ability to satisfac- 
torily handle heavy, high-asphalt crudes which most 
refiners reject because of processing difficulties ; and 
the fact that it concentrates any salt in the charging 
stock in the asphalt phase. 

The asphalt produced as a by-product is a premium 
material for use in making finished asphalts for road- 
building, roof-surfacing, etc. 

The propane lost in the process represents only 
about 0.1 percent of the propane circulated per day, 
and because of its low cost, is an unimportant factor 
The total operating cost 
for decarbonizing feed stocks 
varies from four to nine cents per barrel of reduced 


in over-all operating cost. 
catalytic-cracking 


crude, depending on the size of the unit and the cost 
of utilities. 

A Propane Decarbonizing unit consists of a stor- 
age tank for liquid propane, charging equipment for 
propane and reduced crude, a countercurrent tower in 
which the actual asphalt separation is effected, and 
equipment for recovering propane. 

The reduced crude is charged somewhat above 
the tower and the propane at the 
The majority of the asphalt is 
Since 


the mid-point of 
bottom of the 
in the vicinity of the feed point. 
phase it flows over suitable baffles 
to the bottom of As the asphalt phase 
descends it is stripped of oil by upcoming propane 
with the result that only a high-melting-point, rela- 
asphalt-propane solution reaches the 


tower 
precipitated 
it is the heavier 
the tower. 


tively oil-free, 
base of the tower. This asphalt phase is continuously 
withdrawn, flow control, from the bottom of 
the tower and proceeds to propane-recovery equip- 
ment. The oil-propane solution is further stripped of 
asphalt above the oil-feed point and passes from the 


under 


top of the tower to its propane-recovery system, 

Temperatures in the Decarbonizing Tower vary 
from about 120° F. to 180° F., depending on the 
character of the reduced crude. The heavier the re 
duced crude the lower the temperature at whicha 
satisfactory separation is secured. 

The ratio of propane to oil by volume normally 
varies from a low of about three volumes of propane 
to one of oil, to a high of five volumes of propane 
to one of oil. The lower ratios usually are suitable for 
heavy reduced crudes containing a high percentage 
of asphalt, whereas the lighter reduced crudes con 
taining a smaller quantity of asphalt require a higher 
propane ratio. 

The majority of the propane in both the decarbon 
ized oil and asphalt phases is recovered under high 
pressure and sent directly to the propane condenser 
without any compression being required. The small 
amount of propane recovered in the final strippers 
by the use of open steam is first sent to a jet con 
denser where the steam is condensed, and the pre 


pane is then compressed to condenser pressure, 


Typical operating results are found in the follow 


ing table. 








Table of fences Operating Results—Propane Decarbonizing 


Missis- 
sippi 


Eastern 
Venezuela 


West South 

REDUCED CRUDE Texas American 
Vol Percent of Crude aa 20.0 27. 57.0 61.0 
°API Gravity. ............. 9.1 : 21.3 8.6 
SSU Vis. at 210 °F.. ; Qf . 482* 

Carbon Residue, Perce ent ‘ 18.7 § ae 
Flash Point COC °F. ; 645 

Fire Point COC °F. , 








myartoninet Oil: 
Vol. Percent of Crude 
Vol. Percent of Red. Crude 
°API Gravity 
SSU Vis. at 210 ° F. 
Carbon Residue, Percent 
Flash Point COC °F 
Fire Point COC °F. 





Asphalt: 
Vol. Percent of Crude... . 
Vol. Percent of Red. Crude 
Specific Gravity. ... 
Melting Point, °F... 











* Saybolt Furol Viscosity 


The M. W. Kellogg Company has been appointed 
licensing agent for the process for the United States 
and foreign countries. Licenses granted are under 
the patents and patent rights of Standard Oil Com 
pany (New Jersey), Union Oil Company of Cali- 
fornia, Standard Oil Company (Indiana) and The 
M. W. Kellogg Company. 
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REFINERIES - CHEMICAL PLANTS: PIPE LINES 
POWER PLANTS~: PROCESS AND INDUSTRIAL PLANTS 


Design: Engineering: Construction 


BECHTEL CORPORATION 


{ SAN FRANCISCO + LOS ANGELES 
NEW YORK 












THIS NEW EQUIPMENT 


REVOLUTIONIZES 
SOLVENT EXTRACTION 


Fractional Liquid Extraction 
Now Compares Favorably With 
Fractional Distillation 








This equipment* should be considered for 
separations involving: 

Close-boiling mixtures. — 

Azeotropic mixtures. 

Heat sensitive mixtures. 

Non-volatile mixtures. 

Materials from dilute solutions. 

Impurities and color-bodies. 

Isomers. 


ROTATING 
SHAFT 





a 












HEAVY 
LIQUID IN 










AGITATOR 


Unusual features of this equipment 
include: 


Low height per actual extraction stage. 
| Any number of stages, as the process 
/ demands. 
40 or 50 stages per column, if required. 
Low cost per stage. 
High throughput capacity. 
Excellent large scale performance. 








WIRE MESH 
PACKING 







> 





FEED IN 








Laboratory Unit 


A 1” diameter unit for testing proposed plant 
scale separations and for general research work is 
available from stock. This extractor is a complete 
unit, including all the necessary auxiliary appara- 
tus such as flow meters and control equipment. 





















a 















LIGHT 
LIQUID IN 






YORK Mist and Entrainment Separators 
are used in atmospheric and vacuum distil- 
lation towers, gas absorbers, knock-out 
drums, separators and other process equip- 
ment to increase yields, to increase product 
purity, and to increase production capacity. 




















—> 




















HEAVY 
LIQUID OUT 


4 Otto H. York Co, Inc. 
a ork 360 Glenwood Avenue 












ENGINEERS AND ND East Orange, New Jersey . 
* Pat. Applied for OR ange 5-0316 
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Fractional Liquid Extraction Process 





OTTO H. YORK COMPANY, INC. 


irr YNAL liquid extraction is a process which 
is ideally suited to the separation of certain com- 
pounds which cannot be distilled or separated by 
ordinary distillation. The process depends on the 
different solubility properties of the components. 
These are a function of their molecular structure 
and are completely independent of their boiling 
points. Thus, it is possible to separate all the aromatic 
compounds from the paraffinic and naphthenic com- 
pounds, or all the paraffinic compounds from the 
naphthenic and aromatic. The first type of operation 
is required in the recovery of toluene from the crude 
oil fraction or from a hydoformer effluent. The second 
type of operation is used in the refining of lubricating 
oils. 

A new type of liquid extraction column developed 
by E. G. Scheibel of Hoffman-LaRoche, Inc., makes 
it possible to obtain an equilibrium stage in liquid 
extraction in about the same column height as re- 
quired for a theoretical plate in conventional dis- 
tilling columns. The advantage of liquid extraction 
over distillation in these separations has long been 
recognized, but the application of the process has 
heretofore been restricted, because the problem of 
obtaining a liquid extraction column with twenty or 
more equilibrium stages in a reasonable size column 
at a reasonable cost had not been solved on a com 
mercial scale unit. 

The recovery of toluene by fractional liquid ex- 
traction is illustrated in the flowsheet on the opposite 
page. The toluene-rich fraction is separated in the 
fractional liquid extractor by the counter-current 
flow of a high boiling paraffinic solvent and phenol. 
In the section of the column above the feed the de- 
cending stream of phenol extracts the aromatics 
from the paraffinic solvent and the solution leaving 
the top of the column contains the paraffins and 
naphthenes in the feed. These are separated in the 
paraffin stripper and the paraffinic solvent from the 
bottom of the column is cooled by heat exchange 
against the feed and then with water to about 120°F. 
It is then recycled to the bottom of the fractional 
liquid extraction column. 

In the section below the feed the paraffinic solvent 
extracts the paraffins and naphthenes from the phe- 
nol solution and leaves the aromatic compounds. 
These are recovered from the solution leaving the 
bottom of the column, by distillation in the phenol 
stripper. The phenol from the bottom of the column 
is partially cooled by heat exchange against the feed. 
It is finally cooled to about 120°F. and introduced 
into the top of the extractor. 

The aromatic fraction from the overhead of the 
phenol stripper is run into the benzene tower to 
remove the benzene in the original feed. The bottoms 
from this tower is run into the toluene tower, where 
the toluene is taken overhead, and the xylenes and 
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higher boiling aromatic compounds in the feed are 
removed from the bottom of the tower. 

If the benzene and xylene fractions are not de 
sired the total original feed can be fractionated to 
give a toluene heart-cut. The toluene can be sparated 
in the fractional liquid extractor to give a substan- 
tially pure toluene product from the phenol stripper, 

Suitable modification of this process provides a 
practical method for the production of high cetane 
diesel fuel and high-octane aromatic blending stock. 


The process can be applied also to the refining of 
lubricating oils by the use of solvents, which are 
more volatile than the oil fractions. In this case the 
paraffinic solvent would consist of a more volatile 
mixture, such as hexane and heptane, and the second 
solvent could be any on? of those usually used in the 
refining of lubricating ils, such as nitrobenzene or 
phenol. 

The fractional liquid extraction process also has 
applications in the separation of the water soluble 
by-products of the Fischer-Tropsch synthesis for 
liquid fuel. The process allows a separation of the 
acids, the alcohols, and the ketones aldehydes into 
three individual groups from which the components 
can be recovered in a pure state by ordinary distil 
lation. It can also be used to overcome any diffi- 
culties encountered in the distillation of these groups 
such as in the separation of isopropyl alcohol, ethyl 
alcohol, and n-propyl alcohol, and the four isomeric 
butyl alcohols. Since water can be used as one of 
the solvents in these extractions, it is unnecessary 
to dehydrate the mixture of water soluble compounds 
to obtain a separation. This is a relatively difficult 
operation because they have a fairly wide boiling 
range above and below the boiling point of water 
and most of them form constant boiling mixtures 
with water. 

Another application of the liquid extraction equip- 
ment and the fractional extraction process is in the 
recovery of the oil soluble oxygenated by-produets 
from the Fischer-Tropsch process and their sepate 
tion into useful products. This subject has not yet 
been publicized very widely, but it will be an im 
portant essential source for such materials when the 
synthetic liquid fuel plants are completed. 

The fractional extraction process here outlined i 
economically practical for both small plants and for 
large scale operations. Where small quantities 
valuable products are to be recovered, the equipment 
can be built to handle quantities expressed in pounds 
per day. For petroleum products and large tonnage 
chemicals, the capacity ratings are expressed in bat 
rels or tons per day. The process lends itself readily 
to automatic control. 

Additional information on this fractional liquid & 
traction process and on equipment required for the 
process is available from Otto H. York Compaily; 
Inc., East Orange, New Jersey. 


Petroleum Refiner—V ol. 27, No. 92 





Sep 








are 


de- 
ed to 
rated 
DStan- 
ipper, 
des a 
“etane 
stock. 


ng of 


AROMAT I( 
a] 


RA T 


aoe 


re Sanat 


latile 
econd 
in the 
ne or 








O has 
luble 
s for 
f the 

into 
nents 
distil- 
diffi- 
roups 
ethyl 
meric 
ne of 
ssary 
yunds 
ficult 
viling 
water 
tures 


FRACTIONAL EXTRACTION PROCESS 


quip- 
n the 
ducts 
pafa- 
rt yet 
1 im- 
n the 


ed is 
d for 
es of 
yment 
yunds 
inage 
. bar- 
adily 





d ex- 
r the 
pany, 








Vo. 92 September, 1948—Process Handbook Edition 






























POSITIVE, SAFE ano AUTOMATIC 
Tullon 


CONTROL OF VALVES | 





BY 
Limitorque 





-has been installed in the following 
Petroleum Refineries and Pipe Lines 


REFINERIES: 


Arabian-American Oil Co... . Ashland Oil & Refining Co. . . . Asiatic Petroleum Corp. ... 
Atlantic Refining Co. . . . Champlain Refining Co. . . . Cities Service Refining Co. . . . Consoli- 
dated Refineries . . . Continental Oil Co. . . . Empire Refining Co. . . . General Petroleum Co. 
. . » Great Southern Oil Refining Co. . . . Gulf Oil Corp. . . . Humble Oil Co. . . . Imperial 
Oil Co., Ltd. . . . Magnolia Refining Co. . . . Mexican Petroleum Co. . . . Neches Butane 
Products Co. . . . Pan-American Refining Corp. . . . Phillips Petroleum Co. . . . Polymer Corp, 
. . » Premier Oil Refining Co. . . . Pure Oil Co. . . . Rock Island Refining Co. . . . Sinclair 
Refining Co. . . . Shell Oil Co. . . . Socony-Vacuum—Beaumont Plant . . . Socony-Vacuum-— 
Brooklyn Plant . . . Socony-Vacuum—Buffalo Plant . . . Socony-Vacuum Oil Co.—Italy ... 
Socony-Vacuum—White Star Division . . . Southport Petroleum Co. . . . Standard Oil Co. of 
California ... Standard Oil Co. of Indiana . . . Standard Oil Co. of Louisiana . . . Standard 
Oil Co. of New Jersey .. . Standard Oil Co. of Ohio . . . Sugar Creek Refinery .. . Sun Oil Co. 
. .. Terminal Refining Corp. . . . The Texas Corp. . . . Tide Water Associated Oil Co. . . - 
Union Oil Company of California . . . Venezuelan Oil Concessions, Ltd. 


PIPE LINES: 


Big Inch Pipe Line . . . Creole Petroleum Corp. . . . Gulf-Kuwait Pipe Line . . . Little Inch 
Pipe Line . .. Magnolia Pipe Line Co. . . . Portland Pipe Line Co. .. . Sohio Pipe Line Co. .. . 
Stanolind Pipe Line Co... Texas-Empire Pipe Line Co. . . . Texas Pipe Line Co. . . . Trans- 


es 


















) Arabian Pipe Lines Co. Sir 
NOTE: Send for 90 page “Limitorque”’ me 
Catalog — and please use your Busi- ne 
ness Letterhead when requesting same jo 
pai 
iladelphia Gear Works, inc. 
ee ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 
— pened NEW YORK «+ PITTSBURGH + CHICAGO 
a IN CANADA: WILLIAM AND J. G. GREEY LIMITED, TORONTO 
| Industrial Gears and Speed Reducers 

LimiTorque Valve Controls St East 
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Are Your Corrosion Problems 
As Severe As These? 


You won't be discouraged by any corrosion problem, 


when you read how these four companies have finally 


controlled extremely severe corrosion in their plants 


with a system of UCILON Protective Coatings! 


1, AWELL KNOWN REFINERY had Ucilon coatings 2, A SOAP PLANT had a tough ceiling main- 
applied to ducts exhausting oil and gasoline tenance problem—some ordinary paints being 
fumes at the cracking tower. One year after destroyed by fatty acid vapors in as little as 
ipplication, there was still not a sign of fail- 2. weeks. Yet after 6 months of exposure, 
ure, despite the severity of the service. Ucilon coatings were still totally unaffected! 


a] & 

jites bay 

_ was ithaa @ « 

Sei ih Ties aft A 47 i its 
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—— 
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3, ACHEMICAL PROCESSOR coated a steel stor- @, THE BOTTLING ROOM of one company, 
age tank with a Ucilon coating system. Espe- painting of machines was considered to be 
cially hard on protective coatings, the tank’s almost useless — until they discovered Ucilon. 
contents broke down two other coatings tried Nothing ever tried even approaches the effec- 
“oe in 6 weeks. Yet Ucilon is still in good tiveness of Ucilon, which for 2 years has been 
condition after 14 months/ withstanding the humidity and spillage! 


Similar reports continue to arrive from plants of every nature. Maintenance 
men are discovering a degree of corrosion protection and service life they 
never achieved with any coating tried before. If you have an exceptionally 
tough coating problem, we’re confident that there’s a Ucilon coating system to 
help you stop corrosion damage and vastly lengthen the period between your 
Paint jobs. Let us send you our specific recommendations without obligation. 
Write today, outlining the details of your application. 


UCILON* 400 


glossy, air-drying coating 
for metal, concrete and 
wood. It is applied by 
brushing or spraying. When 
solvents.evaporate, a tough 
“plastic” film is formed. 
Ucilon 400 provides excep- 
tional resistance to acids, 
alkalies, alcohols, oils and 
greases, salts, water, clean- 
ing compounds, oxidizing 
agents. 


OTHER 
UCILON COATINGS 


Ucilon 1601—a ready-mixed, 
extra-bright aluminum paint 
with exceptional outdoor re- 
sistance. It stays bright under 
prolonged exposure, with- 
stands elevated temperatures. 


Ucilon 1501 —a very hard, 
chip-resistant baking coating 
which resists chemical attack 
at temperatures higher than 
recommended for Ucilon 400. 














SEND FOR THIS 
BULLETIN which 
gives more détails 
on various Ucilon 
coatings and their 
properties. 


*Trade Mark Reg. U. 8. Pat. Of. 


UCILON Protective Coatings 


(CIMT products of UNITED CHROMIUM, INCORPORATED 


* Dayton 2, Ohio + Los Angeles 13, Cal. 


St fest 42nd St., New York 17,N.Y. ©  Detroit7, Mich. ©  Waterbury90,Conn. + Chicago 4, IM. 
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Ucilon 400 is a flexible, 
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Solvent Dewaxing Process 





TEXACO DEVELOPMENT CORPORATION 


4 Solvent Dewaxing Process generally employs 
a mixture of dimethyl ketone (acetone) or methyl- 
ethyl-ketone and benzol as the solvent to obtain a 
dewaxed-oil pour point equal to or within a few de- 
grees of the dawaxing temperature. The dewaxed 
oils are free from wax cloud and there is no rise in 
pour point or “pour reversion” on aging. Either dis- 
tillate or residual stocks in the raw state or refined, 
of any viscosity, can be dewaxed. Texaco Develop- 
ment Corporation, 135 East 42nd Street, New York, 
is licensor of the process. 

The process is widely used in both the United 
States and Europe. Thirty-six units have been in- 
stalled, with a total daily charging capacity of over 
72,000 barrels, processing a wide variety of lubricat- 
ing - oil stocks of high and low wax content. Con- 
tracts have been awarded for 20 additional units 
having a total charging capacity of over 55,000 bar- 
rels per day. 

Simplicity of operation, flexibility, low construc- 
tion and operation costs, the absence of special equip- 
ment, special alloys, high pressure, excessively low 
operating temperatures and the ability to obtain high 
dewaxed-oil yields and very low oil-content waxes 
are outstanding characteristics of the process. 

The wax contained in lubricating oil stocks when 
properly precipitated from a chilled solution in the 
solvent mix is particularly adaptable to removal by 
filtration. Practically complete separation of oil from 
wax is obtained by use of a cold displacement wash. 
The use of a closed flue-gas system minimizes fire 
hazards and solvent losses. Dilution solvent dosages 
vary from a solvent-to-oil ratio of 1.0:1 to as much 
as 4:1, depending upon the nature and viscosity of 
the charge stock. 

Recently improved design of exchange and chilling 
equipment has resulted in reduced refrigeration re- 
quirement. Proper conditioning of the charge to the 
filters by controlled application of solvent has in- 
creased dewaxed-oil yield, reduced oil content of the 
wax to an extremely low figure, and reduced the 
amount of solvent circulated per barrel of oil charged. 
An additional development has been the production 
of wax, without addition agents, concurrently with 
the production of low-pour-point oil, but in auxiliary 
equipment operated as a separate process. White 
crystalline waxes and higher-melting-point micro- 
crystalline waxes are produced from distillate and 
residual stocks, respectively, to meet specific require- 
ments. 

The accompanying flow diagram, upon which it 
is impractical to reflect all of the recent improve- 
ments, shows the flow through the principal chill- 
ing, filtering and solvent-recovery equipment. Dilu- 
tion solvent is introduced into the charge-oil stream 
in such amounts, at selected points in the chilling 
cycle, as to insure a wax crystal structure and liquid 
viscosity most suitable for filtration. The chilled 
charge mixture flows from the double-pipe chillers 
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through a filter-feed tank to drum-type vacuum fil 
ters in which compartmentized, cloth-covered drums 
rotate half submerged in enclosed filter cases. A wax- 
free filtrate solution is drawn through the filter cloth 
to filtrate tanks in which the vacuum which induees 
filtration is maintained. The wax cake deposited upon 
the drum during filtration is washed with cold gol- 
vent as it emerges from the liquid level in the filter; 
much of the wash solvent being drawn into the fil- 
trate system toward the end of the filtration cyele. 
Just before each of the filter-drum compartments 
reaches the wax deflector, flue gas at low pressure 
is admitted through a blow-back connection to the 
underneath side of the filter cloth. The bond between 
wax and cloth is broken and the washed wax falls 
into the wax-discharge compartment. Controllers in 
the flue gas piping maintain atmospheric pressure in 
the filter hood. 

The filtrate valve on the drum trunnion is so ¢on- 
structed that oil-rich filtrate collected during the 
early portion of the filter cycle is directed to the 
main filtrate tank, whereas the oil-lean filtrate col 
lected late in the cycle is directed to the wash filtrate 
tank. The oil-lean wash filrate then may be returned 
to the charge-oil stream as a substitute for a portion 
of the dilution solvent. Occasional warm washing of 
the filter cloth is a simple operation requiring 16 to 
20 minutes and is conducted, without interruption to 
uniform flow through the plant. The warm washings, 
consisting primarily of solvent, generally are tf 
turned to the charge mixture, this further reducing 
the requirements for new solvent. 

The filtrate from the main filtrate receiver 
pumped through the double-pipe exchangers to ev@ 
porators for the recovery of the solvent. Heat for 
evaporating the solvent from the dewaxed-oil solr 
tion and wax mix may be supplied by either steam 
or fired heaters. 

Substantially all of the water entering the system 
is crystallized and removed with the wax to the war 
mix surge and settling tank. This vessel is mail 
tained at about 130° F. under which condition melted 
ice settles to the bottom of the tank. To this water 
is added condensates from steam strippers and the 
water-bearing material is pumped to a ketone fiat 
tionator for recovery of solvent and removal of water 
from the system. 

The process produces high yields of low-pour-tést 
oils free from wax cloud. Due to low solubility ° 
wax in the solvent, low-pour tests can be obt 
at relatively high separation temperatures. Extremely 
low pour points can be obtained, due to the narfow 
difference between the separation temperature @ 
the resultant pour point. 

Consistent uniformity in operating conditions and 
product quality is an inherent characteristic 
process. There are no corrosion or erosion problems 
and low-pressure equipment is used throughout. 
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“Hold It Joe—This Is A -_ 
Homestead Lever-Seald” 















































LEVER-SEALD 
eng 
of e 
stall 
refin 
lems 
PLA 
Stande 
TICKING valves are never a problem with be 
Homestead Lever-Sealds on the job. Built + ste 
into each valve is a powerful leverage, ready at ‘con 
all times to overcome the effects of corrosion, 
viscous fluids or temperature and pressure extremes 
which cause ordinary valves to stick or “freeze.” p 
ur 
This powerful leverage not only relieves pressure between =, 
the seating surfaces to permit operation under all condi- Filt 
Check these Outstanding Features: tions; but it also is the means of providing the extra tight —_ 
A QUARTER-TURN fully opens or closes seal against leakage—the seal which keeps corrosive or also i 
— erosive line fluids away from the seating surfaces; assures ain 
INSTANT STICK-PROOF OPERATION. ‘ D € 
Plug longer valve life and lowest cost per year. )e 
Ing ¢ 
sure 
_ Made in stainless steel, steel, semi-steel, bronze, monel or re 
applying other alloys suitable for the working conditions under Mot 
or which they are to be used, Homestead Lever-Seald Valves = 
pees ested bolton may be had in sizes from 1" to 12"; and for working are m 
and reduce hazards. pressures from 150 pounds to 1500 pounds. an 
STRAIGHT-LINE FLUID 
no pressure drop. Choose the sizes and types for your services from Refer- 
ge ger a omer ag ence Book 39 Section 3. Write for your free copy today. milli 
both open 
Fluid or grit MODEL 
3 
aD. 
3-.$.17 
B.S.26. 
=—_—_—_, 
, MAI 
P. 0. BOX16 CORAOPOLIS, PENNA. Pree 
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296 Lake Street, MUNDELEIN, ILL. 
Manufacturers of High Grade Industrial Pressure Filters 









Units for Filtering Every AS! iF, \ Gasoline, Distillates, CatalyZzers, Oils, 
Type of Petroleum <a PL Nia Lubricants, Solvents, Paraffins, Waxes, 
Product - - Alcohols, Chemicals, Etc. 


engineering “know-how,” plus many years 
of experience in setting up successful in- 
stallations, is the reason so many modern 
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refineries are solving their filtration prob- SI TER AK” Looe EE 
lems with Sparkler HORIZONTAL WR NENT 


PLATE Filters. 






FULTER PAPER 
(CLOTH OR ScREEM 


4 4 PERFORATED PLATE 
FILTEP PLATE 
















-— IN TAAL 
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VALVE wNO1—; 


























QvT.LET —~ a WALVE NO.2 OPENED. ENTIRE RES 
4 DUE 1S THEN FILTERED THROUGH 
Stondard Model 8-3 Pilot Plant Filter in stainless steel— vaLvE wo1s .§ nn nen gy My ig Fg 
also made in carbon steel. PRESSURE THROUGH MAIN INTAKE 
SPARKLER FILTERS give you — 
‘uniform high quality filtrate to * flexibility * long cycles 
end of cycle continuous or intermittent * easy cleaning 
‘stable filter cake portable or stationary * no leakage 
‘complete batch filtration * high flow rates * low cost operation 


























ENGINEERING DATA 


Pumps: Standard models equipped with either rotary or centri- 
lugal pumps. Horsepower of motor depends on the specific gravity 
and viscosity of filtrate and the pressure range necessary. 


Filter tanks: Welded construction in iron, bronze, rubber-lined 
mild steel, nickel, monel, all types of stainless steel, or inconel. 


Filter plates: Spun and welded construction in above materials; 

also in Haveg and molded hard rubber. Made in 8%, 13%, 18 and 
33 inch diameters. Perforated screens to fit made in above metals, 
molded hard rubber, and plastics. Plates in shallow (S) or deep 
(D) construction (see model numbers), thus accurately proportion- 
ing cake space to filtering area for specific application. (Pressure 
top across plates is a direct function of viscosity of filtrate and 
thickness of cake.) 

Mountings: Filters for in-line installation mounted on pipe legs 
with floor flanges. Complete filters are mounted with pump and mo- 
‘or on mild steel stand with ball-bearing casters. Laboratory models 
are mounted on steel base with rubber bumpers. 

Jackets: Steam or brine jackets in mild steel built for 15 Ib. p‘s.i. 
working pressure. Jackets for higher pressures on special order only. 








SOME REPRESENTATIVE SIZES 


== —_ — 



























MODEL. No | eee | tte. | Case 
ta. RS Cu. In. 
ee | 88 | 
' S817. 5000 $9.48 33 
BS26.. eetetieeeteceteees| 7600 152.0 12.65 = | 
MANY MODELS AND SIZES: Capacities 60 to 10,000°G.P.H. Model 33-S-9 in carbon steel. 
Tee Filtration survey on request. Steam jacketed. Cap. 2,600 G.P.H. 
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Propane Dewaxing Process 





THE M. W. KELLOGG COMPANY 


dewaxing is a well-known lubricating- 
oil process for separating wax from crude oil. The 
solvent, propane, is the only extraneous material used 
in the process since it serves both as a refrigerant 
and as a solvent for the oil. 

Economic features of the process are its low oper- 
ating cost and wide adaptability to any type of 
lubricating stock. High yields of dewaxed oil of zero 
pour test or lower and wax of low oil content are 
obtained. 

Eight plants now operating or being built in this 
country have a yearly capacity of approximately 
7,500,000 barrels of charging stock. 

Oil and propane are charged continuously under 
flow control, warmed to dissolve all of the wax, and 
sent to a chilling vessel in which reduction of tem- 
perature to approximately —40° F. is effected by 
allowing propane to vaporize directly from the solu- 
tion. 

Wax crystallizes out at this low temperature and 
is separated from the oil on a continuous rotary pres- 
sure filter of most modern design. 

The filter cake is washed with cold liquid propane 
to remove oil adhering to the wax crystals and then 
transferred by means of a screw conveyor and wax 
pump to propane-recovery equipment. 

The dewaxed oil solution also is sent to a propane- 
recovery unit. Both end products—dewaxed oil and 
wax—are pumped from the strippers to storage tanks. 

The low cost of propane, its double-duty as a sol- 


vent and refrigerant, and its ease of recovery are 
features of the process which make for high effi- 
ciency. 

Propane dewaxing often is employed in combina- 
tion with propane deasphalting and acid treatment in 
propane solution. The following table gives pertinent 
data on propane dewaxing of four lubricating stocks: 


Propane Dewaxing Process 








Propane Propane 

Deasph. Phenol Treated Deasph. 
Phenol Treated) East Texas |Phenol Treated| Phenol 
15% East Texas Heavy West Edmonds | Oklahoma City 
Reduced Crude} _ Distillate SAE 70 Stock | SAE 40 Stock 





Propane, Volume Percent 
Filtering Temperature, °F. —35 —40 
Dewaxed Oil, Vol. Percent : 67.7 


—41 








250 300 300 


Inspections Waxy Oil— | 
°API Gravity ; 29. 32.0 
SSU Vis. at 210 °F.... : é 
Color—NPA 
Tre Residue, Percent 


V.G.C. 


Dewaxed Oil:— 
°API Gravity | 
SSU Vis. at 210 °F.. 
Color—NPA.... 
Pour Point, °F. } 
Carbon Residue, Percent ' . 

Viscosity Index. . 95 ‘ | 

| 


Vv 











The M. W. Kellogg Company has been appointed ° 
licensing agent for the process for the United States 
and foreign countries. Licenses granted are under 
the patents and patent rights of Standard Oil Com- 
pany (New Jersey), Union Oil Company of Califor- 
nia, Standard Oil Company (Indiana) and The M. W. 
Kellogg Company. 
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INTERNATIONAL ENGINEERING, INC. 


DAYTON 1, OHIO, U.S.A. 






407 S. DEARBORN, CHICAGO ; 


a 





15 PARK ROW, NEW YORK CITY 7 









GASOLINE BLENDING AND MIXING EQUIPMENT 









INTERNATIONAL SIDE ENTRANCE MIXERS, 
due to their high efficiency, adapt themselves most 
readily to the mixing of large batches of gasoline with 
tetraethyl. They blend motor fuels with a time saving 
of from 70% to 95%—release tanks for charging in 
shorter time—save much power—increase production 
without installation of additional tanks—fitted to any 
type of large tank, whether spheroid, A.P.I, rafter roof 
or pontoon—decrease time of tank car or tanker hold- 
over—cut evaporation losses—cut maintenance cost— 
save time and expense in caustic washing operations, 
lubrication oil blending, etc. 


INTERNATIONAL SIDE ENTRANCE MIXERS, 
Type “N,” consist of a strong fabricated plate base 
which base contains a Master Electric or equivalent 
ball bearing, explosion proof gear motor connected by 
means of z ec x to the mixer s 

% 508 he flexible coupling = the mixer shaft TYPE “NT” MIXERS are the most improved design Side- 
_ The mixer shaft operates in a double lantern bear- Entrance Mixers offered to the trade. They are fitted with a 
ing stuffing box (Type “B” double bearing) which double lantern bearing stuffing box and ball bearing thrust 
stuffing box is the latest design now offered to the easily repacked from the outside 
refining industry. The shafts are over-large and the : 
propellers are machined to size, 3-blade Marine type, . 


































Type “‘NT"’ Mixer 
















With Ball Bearing Thrust 



















A -- € r 
C tT eis 
INTERNATIONAL TYPE “NS” MIXERS are a 7 c 


duplicate of the Type “N” excepting that they use a 8 WN —) 
- ? ; - ’ ~ 
V-belt and separate motor drive instead of a gear motor . Sa s! “ | 


thus being more efficient than the ordinary cast, snag 
wheel ground and polished propellers. Mixer is also 
fitted with an adjustable pipe support for alignment. 















































Mixers are mounted on nozzles as shown or man- f we if 
hole covers and can be arranged with special connec G > | 


tions for wood or other special tanks 
Type “‘N"’ and “NT” —t 















Type 
“NS | pred £ — A 






SIDE ENTRANCE—SPECIFICATIONS 
Propeller Dia. Variable with Liquid 


| DIMENSIONS 


























































Type | Stand- Type ‘“‘N”’ and “‘NT”’ Stuffing Box ‘B" 
No. | ard | -— a Ee — 
“N” or | Motor | Shaft | E- J .. 
ss H.P. | Speed A pa | @ FP ie ve -«.. F | G 
N-1 es Bere 8 6 | 1%] 4/31 | 35 | HIT 
N-2 | % 400 | 8 6 | 1%] 4/31 | 35 7%| 7 
N-3 ’ 400 | 8% 7 mM] 4/32 | 36 | 7%) 7 
: ee Bi 8 
N-4 14 400 9 8 Ly sim 1 @ Ts 9 
Type “‘N"” Easily Repacked from Outside. : - ~ | ————— —|— 
N-5 2 400 10 9 1% 4 | 38 43 8% | 5 
Ask for New Catalog No. 115 ——— | | | a 
N-6 3 400 12 10 ImM| 4/38 | 43 | 8H] 8 
N-7 5 | 400 |14 | 11 | 1%] 4] 43 | 44 | 10%] 8 
TOP ENTERING MIXERS NS | 7% 400 | 16 | 12 | 1%| 4/42 | 48 | 12K}? 
International manufactures a complete lin N-9 _ 10 400 is | 13 4 1% | 41 46 “63 14% 9 
of permanent nozzle style mixers, as shown <idie . ; a | = scacinitiiclcal 
in International catalog No. 110. These are N-10 | 15 400 24 14 | 1% 4 48 | 56 14% | 9 
the latest design Mixers offered the process d e . : Hind } a ——_e -|— 
industry, using ei- N-11 | 20 400 | 30 15 S$ 1.418 7 2 165 | 9 
ther propellers or on | . — 
turbines N-12 | 25 400 | 36 16 2% | 4/| 56 67 16% | 9 
| | ; 
PORTABLE TYPE “NS’’——V-BELT nf 
MIXERS Cae a ae : 
NS-1 6 400 | 8 6 l 4/ 19% 14 
International also . 
manufactures a NS-2 % 8 6 1 4 | 20% | 14 
complete line of = "a = ; 
the latest in port- NS-3 l ? 4 | &% 7 1% 4 21 | | 14 
able mixers, either =m o£ . ~~ 
electric or air- NS-4 1% 3% | 9 8 | 1% 4 2246 | | 14 
—_~ - ao & | } ay a — 
driven. These mixers are well fitted NS-5 > Wet 9. | iv ‘ | 16 
for the blending of special oil — ew na iC ref, 14 oh Ba = — 
batches, suspending lime, blending of NS-6 3 8 12 10 iy | 4] 25% if 16 | 
medicinal oils, agitation of slurries sive ie Sl el ants By ere 
as well as for excellent use in syn- NS-7 | 3 14 11 1% 4 | 28% - 16 
| | S 






thetic rubber pilot plants, etc 
Ask for Catalog No. 115 
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* FLOWRATOR is the trade mark name of 
Fischer & Porter Company to designate its in- 
struments for flow measurement and automatic 
flow control. It is an “area-type” meter in which 
the variation in area is obtained by means of a 
vertical tapered tube with the smallest diam- 
eter at the bottom, A. weight of fixed diameter 


“MASTER-ENCLOSED” FLOWRATOR 
METER 

Its important advantages are: 
Resistance to corrosion—available in prac- 
tically any material. 
Easy to disassemble. 
Flanged packing glands—adjustable from 
outside the meter. 
Handsome appearance—ideal for “good- 


(called “float”) moves freely within this tapered tube. 
and hence the area between the float and tube increases as 
the float rises. This area then becomes a measure of the flow 
and for every flow rate there is a fixed position of the float 
in the tube. 

Write for Catalog 10 in which we illustrate in an easy-to-read 
style the many advantages of this method of flow measurement. 


ARMORED FLOWRATOR METER 
For use in installations where high pressures, high temper- 
atures, possibility of liquid hammer or the handling of haz- 
ardous fluids makes the use of the stand- 
ard FLOWRATOR METER imprac- 
ticable. 

Chief Advantages: 
1. The Armored FLOWRATOR 
METER may be piped horizontally and, 
therefore, easily replaces orifice or ven- 


n Side- looking” panel mounting. | . 

with a This versatile flow meter can be adapted to — meters for steam and other fluids. 

thrust practically all the many diverse requirements of 2. Its one-piece body will take full 
pipe line strain. 


the various industries. Available with flanged 
or screwed fittings .. . with vertical or horizon- 
tal connections. Also in a “Four Post Open” 
design with tube and float visible from any 
angle at any distance or with heavy rugged side 
plate construction for protection against exces- 
sive pipe strain and external blows. 
Send for Catalog 25. 


3. It may be built readily to with- 
stand high pressures, temperatures. 

Standard materials of construction for 
the body are.cast iron, steel, bronze, or 
stainless steels. For highly corrosive 
services, it may also be obtained in 
special materials such as aluminum, 


lead, monel, hastelloy, etc. For a com- 
plete description, dimensions and capac- 
ities, send for Catalog 40. 


RATOSLEEVE FLOWRATOR METER 
° CONTINUOUS VISCOSIMETER 


With the constant increase in the acceptance — a“ ee 

of the variable-area type flow meter ‘a's su- This VISCOSIMETER permits instantaneous 
perior type of flow rate instrument, there has observation of viscosity values existing in a moy- 
been a steady trend toward handling larger ing fluid stream under full line pressure. It is 
and larger flows by means of it. In order to available as a simple indicator or for continuously 
handle large flows with a reasonably priced recording or automatically controlling viscosity 
meter, the new Ratosleeve has been devised. values. This instrument is particularly valuable 
Essentially the Ratosleeve consists of a tapered for continuously blending lube oils, maintaining 
metering sleeve insert that fits between two constant fuel oil viscosity 

standard pipe tees in a manner similar to for improved oil burner op- 

an orifice plate. It will handle up to eration or indicating end 

14,000 GPM of water or 16,000 CFM of points in various plastic 

processes. 


air. Send for Catalog @3. : 
Send for Catalog 88. 


REMOTE INDICATING, RECORDING, CONTROLLING 
AND PROPORTIONING INSTRUMENTS 


A complete line of secondary instruments has been developed by F & P Co. 
so that FLOWRATOR METERS may be provided with remote indicating, 
RATOMATIC recording, totalizing, automatic controlling and automatic proportioning arrange- RATIO-CONTROLLER 
Recorder-Controller ments. These secondary instruments are connected to the primary FLOW- 
RATOR METER through induction coil transmitters or magnetic transmitters. 
F & P has made a noteworthy series of advances in the field of inductive trans- 
mission which has brought the direct acting inductive transmitter—as against 
the null balance relay type—to new standards of reliability. Null balance instru- 
ments are, however, also supplied where highest accuracy is necessary despite 
higher cost. 
When explosion hazards or other considerations require the use of secondary 
instruments using no electric current, the F & P “MAGNA-BOND?” transmitter 
—a new type of powerful magnetic coupling—is used between primary FLOW- 
RATOR METER and secondary instrument. The readings of this instrument 
may then be carried to remote locations by pneumatic transmitters. 
Flow rates as low as 1 cc/min can be remotely indicated, recorded, controlled 
and totalized with the RATO-TRONIC which electronically amplifies FLOW- 
fee BATO TRONIC RATOR METER float position. MAGNA-BOND 
iniature Flow Rates Catalogs 50, 52, 53 and 55 available on request. Pneumeatic-Trensmitter 
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PETRECO 
DESALTING 


DOES MORE than just remove salt... 


One of the most important and profitable benefits refiners gain from Petreco 
Electric Desalting is increased refining capacity. This ability to charge more 
crude results directly from the high efficiency of Petreco Desalting, which 







. Eliminates salt plugging in condensers and tower trays. 
. Reduces corrosion from evolved HCl. 
. Prevents the formation of hard, flinty coke in furnaces. 


. Removes suspended solids such as sand, silt, rust, etc., from the crude 
charge. 


5. Traps and removes slugs of water or B.S. picked up from crude storage. 





& WD 








By forestalling the basic difficulties inherent in plugging, corrosion, coking, 
foreign solids and B.S. and W. in the crude charge, Petreco Desalting 







1. Increases heat exchange efficiency. 

2. Reduces mechanical shut-downs caused by erosion and corrosion. 
3. Permits high furnace temperatures, deeper cracking. 

4. Keeps the refinery on stream longer, reduces down-time. 

. Cuts maintenance and repair costs. 













Besides insuring efficient salt removal, PETRECO provides complete 
service, available replacement parts, engineering cooperation, and 
laboratory assistance, and the KNOW HOW gained from many years of 
desalting experience. 








For further information, or a conference on your salt problem, just write or 
call any Petreco headquarters. A Petreco engineer will call on you, at your 
convenience. Get a// the facts,—it pays. 












5121 S. Wayside Drive, Houston 1, Texas” 


PETROLEUM RECTIFYING COMPANY 648 Edison Building, Toledo 4, Ohio 
530 W. Sixth Street, Los Angeles 14, Calif. 
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9.2 


Desalting, Filtration, 
Acid Treating Processes 


Soe of the essential process steps employed in refineries have a 
more or less accessory relationship to the basic conversion, separation, 
and distillation operations. Feed stocks must be made suitable for proc- 
essing to best advantage and products must be finished to established 
standards of quality. 


The desalting of crude oils before charging to distillation equipment 
is an accepted practice in efficient refinery operations, except in those 
increasingly rare instances where original salt contents are satisfactorily 
low. The economic necessity for obtaining high throughput capacities 
together with long on-stream operating periods and lower maintenance 
costs has led plant engineers to give careful attention to crude oil de- 
salting. Desalting prevents the plugging of heater coils, greatly lessens 
equipment corrosion losses, and improves product quality. Several de- 
salting methods are in general commercial use with excellent results, 
so that the choice of method is largely a matter of suitability to the 
specific crude oil and to plant processing factors. 


Long established practice in process plants for the finish refining 
of lubricants, some distillates, and various specialty products involves 
the contacting of the raw product with an adsorbent and subsequent 
separation by filtration. The use of adsorbents is predicated on their 
ability to remove suspended, colloidal, and dissolved impurities, car- 
bon or coke and resinous and asphaltic substances, from the oil treated. 
This includes hydrocarbons with high percentages of combined oxygen, 
those low in hydrogen content, and those containing coloring matter. 
Adsorbents are used also to neutralize acid-treated oils as an alternate 
to alkaline solution washing. Early practice in contacting oils with ad- 
sorbents, still followed with excellent results in many plants, is the 
gravity filtration of the oil through beds of the adsorbent contained in 
large special tanks. More recently, continuous contact and filtration 
processes have been devised which allow large volumes of oil to be 
treated in a plant of comparatively small ground area. Greater flex- 
ibility in adjusting operating conditions, particularly temperature, and 
also in changing between the products treated, is achieved. A consider- 
able number of such plants are in operation. 


Treatment with suifuric acid has been used for the entire range of 
refinery products since the early days of the industry. Acid treatment 
has marked advantages for such treating operations and has undoubt- 
edly been the most universally employed of all methods. More recently, 
the development of a variety of treating processes especially applicable 
to the improvement of gasolines and distillates and the wicespread 
adoption of solvent refining methods in the processing of lubricants 
has tended to make acid treating less conspicuously the universal 
method. Even so, there are many instances where no substitute has been 
found which promises overall improvement when all factors of economics 
and operation for the specific case are considered, and acid treating 
procedures continue to occupy an important place in the process 
schemes of many refineries. 
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Crude Oil Desalting Process 














VISCO PRODUCTS COMPANY, INC. 


Ons serious problem confronting the refiner is 
that the majority of crude oils are produced with 
contaminating water either as an emulsion with the 
oil or in free state. 

An emulsion is a system containing two immis- 
cible liquid phases, one dispersed as globules in the 
other. Both oil-in-water and water-in-oil types exist. 
In the first, oil is the disperse and water the continu- 
ous phase. In the second, and predominant type, oil 
is the continuous phase. 

Crude oil emulsions, to be acceptable for pipe line 
transportation often have a specified maximum of 2 
percent basic sediment and water. In some instances 
0.5 percent is specified. The treatment of emulsions 
should be performed with minimum practical delay, 
since standing and/or additional agitation frequently 
results in further stabilization. When dispersed water 
globules approach a diameter in the range of 10 mi- 
crons the emulsion is quite stable and resists treat- 
ment, storage tank bottoms being a typical example. 

In refinery operations emulsified crude oil charged 
to stills can drastically reduce throughput and cause 
costly corrosion problems. Salt deposits in exchangers 
and furnace tubes will reduce thermal efficiencies 
and eventually plug equipment, resulting in costly 
shut down periods, Cracking equipment is particu- 
larly susceptible to corrosion and the residual salts 
from an untreated crude may hydrolyze during the 
process to form hydrochloric acid and other acid 
bodies which readily attack iron. 

The maximum salt content which can be tolerated 
by refineries varies somewhat with the design of the 
plant. In general, refiners consider a salt content of 20 
pounds per 1,000 barrels of oil as the poorest accept- 
able requirement for crude charge stock. In many 
modern plants this figure may approach 5 to 10 
pounds per 1,000 barrels, because it has been found 
that some salts in particular poison the catalyst used 
in catalytic cracking. It is not uncommon for refin- 
eries to achieve upwards of 95 percent salt removal. 
The average possibly ranges about 90 percent. 

Emulsions vary widely, and their characteristics, 
both quantitative and qualitative, must be considered 
before the method of treating can be selected. Basic- 
ally, three methods of treating have evolved over the 
years and currently are in wide use: mechanical, 
electrical and chemical. Many variations and: combi- 
nations of these basic methods have been success- 
fully used. The application of heat has been more or 
less universally acknowledged desirable, regardless 
of the method of treating. Mechanical methods in- 
clude heating and settling, and centrifugal separation. 

Heat lowers the viscosity and interfacial tension 
of an emulsified oil and, also, alters the colloidal 
properties. Heat is not singularly responsible for the 
separation of oil and water, but is an accelerator. If 
the difference in specific gravity of components is 
increased to the point where the water will precipi- 
tate, the separation or stratification is not due entirely 
to heating, but rather to combining, filtering, coales- 
cing, and other phenomena. Viscosity of the oil is a 
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factor in the precipitation of the water in oil, but this 
depends largely on the emulsion and on the tempera- 
ture. Whatever dehydration methods are employed, 
the optimum temperature is determined from consid- 
eration of the gravity and viscosity, both as functions 
of temperature. 

Temperatures from 160 to 250° F. are used in the 
majority of desalting installations, with as much as 
350° F. used in isolated cases. Failure of some crudes 
to respond to heat and settling treatments resulted in 
the development of systems where the emulsion is 
passed through a contactor tower containing “hay” 
or excelsior, gravel, and more recently, fibre glass. In 
this type system the filter medium serves to coalesce 
the globules of water in the oil so that they will 
stratify due to gravity in a settling drum. 

Chemical treating of emulsions for water and salt 
removal has progressed extensively and is now one 
of the simplest and most economical methods in use. 
Desalting is actually an extraction operation. The 
crude charge is emulsified with fresh water, and the 
resulting emulsion contains a less concentrated brine 
contamination which is subsequently removed by de- 
mulsification through chemical treatment and settling. 

Several factors require careful attention for best 
results. A sample of the crude must be checked to 
determine the chemical that performs best in breaking 
the emulsion and gives the lowest cost per barrel of 
treated oil recovered. The chemical must be thor- 
oughly mixed with the emulsion. The temperature 
selected must provide efficient coalescence and strati- 
fication of the water. 

A typical refinery installation for chemical desalt- 
ing of crude oil is shown on the flow diagram. Pre- 
heated fresh water varying from 3 to 10 percent by 
volume is added to the crude oil containing brine and 
is emulsified. Emulsification may be secured by flow 
through a charge pump or a mixing device. Emulsion 
breaking chemical is injected by a metering pump and 
the crude oil mixture flows to a heat exchanger where 
the temperature is increased to 180° F. or higher. The 
emulsion is broken at the heat exchanger and flows 
on to a settling vessel for separation. This vessel 
often is designed to allow settling time of one hour, 
and may be equipped with heating elements to main- 
tain elevated temperatures and with baffles designed 
to reduce flow turbulence and channeling. The bot 
tom of the settling drum may have a slope of about 
2 percent toward a water trap to insure drainage. 

Desalted crude oil leaves the top of the drum and 
salts dissolved in the fresh water are withdrawn from 
the bottom. Average treating cost will range from 
0.5 mils to 2 mils per barrel of oil desalted. Initial 
investment is low. 

The treating system and equipment in the accom 
panying flow diagram, while not licensed or patented, 
is one of the methods recommended for use in crude 
oil desalting operations in the refinery, Chemicals for 
crude oil desalting are manufactured and supplied by 
Visco Products Company, Inc., and by Tretolité 
Company. This discussion was prepared by Visco. 
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Electrical Desalting Process 





PETROLEUM RECTIFYING COMPANY 


eA Petreco Electrical Desalting Process was de- 
veloped by Petroleum Rectifying Company to pro- 
vide an efficient and satisfactory method for remov- 
ing salt and other solid materials from crude charg- 
ing stock. 

Salts in crude oils are usually carried by residual 
brine droplets which have been so highly stabilized 
by the emulsifying agents in the oil that they cannot 
be removed by the customary dehydration methods. 
Because of this, any refinery charging stock that con- 
tains any water is certain to contain some salt, the 
amount depending upon the water content (B.S.& 
W.) and the salinity of the brine. 

The amount of salt entering the refinery equip- 
ment via the charging crude often reaches consid- 
erable proportions. For example: 10,000 barrels of 
a crude containing only 0.15 percent water will often 
carry close to half a ton of salts. The potential in- 
jury to the refining equipment from the continuous 
introduction of salts in such quantities can be visu- 
alized easily. 

Salts other than chlorides are also present in oil 
field brines. In the past, refiners have been most 
concerned with the chlorides because of their ready 
conversion by hydrolysis to the very corrosive hy- 
drochloric acid. However, salts such as sulphates 
and bicarbonates are often present in considerable 
proportions, and will most certainly contribute to the 
plugging of exchanger and furnace tubes. In evalu- 
ating a crude oil, a complete analysis is very desira- 
ble since a chloride analysis alone often will be in- 
adequate. 

Other impurities such as suspended 
Various origins are frequently found in crude oils. 
They may be sand and silt from the formation it- 
self, drilling mud, rust, scale, etc. In PETRECO 
desalter installations, such solids are removed along 
with the salts, thereby preventing potential stop- 
pages and erosion in the refinery equipment. 

The process is carried on by adding fresh water 
to the salt-bearing raw crude. The added water is 
dispersed into the raw crude by the action of an 
air operated emulsifier. The emulsion so formed is 
subjected to the action of a high-intensity electric 

eld, wherein the added water particles and brine 
ticles are coalesced into masses containing the 
detrimental material. The process is continuous and 
can be tied into the refinery stream so that the oil 
ig purified as it goes to the stills. 


solids of 


—— 


The volume of fresh water required ranges from 
2 to 15 percent of the volume of oil being desalted 
—such volume being determined by the nature of 
the crude oil and the concentration of salts present 
therein. The pressure drop across the emulsifier 
varies according to the type of oil being processed— 
ranging from 3 to 75 pounds per square inch. The 
operating temperature for the process varies from 
140° to 240° F. Since the process operates through 
high-tension electrostatic forces, the electric power 
consumption is low, the average load being 4 kw. per 
unit. After subjection to the action of the electric 
field, the oil and salt-bearing water separate and are 
drawn from the desalter in two continuous streams. 


The standard Petreco desalter is a cylindrical pres- 
sure tank 10 feet in diameter by 12 feet on the 
straight side. The tanks are set up vertically, and 
including piping, are about 17 to 23 feet overall in 
height. Specially designed high-capacity units with 
throughput capacity up to 60,000 barrels per day 
are in operation. A number of the standard units 
can be installed as a battery; the limit to the capacity 
of the standard unit installation is dependent upon 
the complexity of piping that is practicable. Multiple 
units are manifolded together for automatic control 
of the water level. Electric power control is maint 
tained by individual switch gear operating at either 
220 or 440 volts. 

The Petreco process is in use throughout the 
United States, and in Canada and South America 
Some of the oils desalted contain as high as 1100 
pounds of salt per thousand barrels of oil; at the 
same time, many refiners desalt oil bearing as low 
as 10 to 15 pounds per thousand barrels. The Petreco 
process is highly efficient, frequently reducing the 
salts to values so low that the usual analytical meth 
ods are unable to detect them; there also is an ae 
companying reduction in all corrosive substances 
except sulfur. Effectively removed also is suspended 
insoluble matter such as sand, silt, volcanic ash, ett. 
Besides its normal function of removing salts and 
foreign solids, Petreco desalters provide a depend 
able means of removing slugs of water which, it 
advertently, may find their way into the crude 
charge, and result in damage to the stills or i 
terruption of operation. 

The Petreco Desalting process is engineered, sefv 
iced and licensed by Petroleum Rectifying Company 
of California, Los Angeles. 
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GRISCOM-RUSSELL 


Pioneers in -Heal Transfer Apparatus 


The Griscom-Russell Co. has continuously pioneered in the design 
and application of heat transfer apparatus for 79 years. The unequalled 
experience of the Company in this field assures authoritative recommen- 
dations and an exactly suitable design for every requirement of heaters, 
coolers, condensers and heat exchangers to handle liquids, gases, vapors 
and fluid solids. 
The Company has always been in the forefront of the origination 
The G-R Twin G-Fin Section and development of special types of surfaces to provide the most practical | 
and effective heat transfer for special conditions and services in which 
conventional types of shell-and-bare-tube apparatus are inefficient or 
troublesome. The principal types of distinctive G-R heat transfer surfaces 
are briefly outlined below: 

















G-FIN APPARATUS 


Heat transfer elements consist of pipes or tubes with longitudinal 
fins which provide six to eight times as much external surface as on bare 
tubes of the same diameter. The fins therefore compensate for low heat 
conductivity of a fluid to be heated or cooled by another fluid of higher 
conductivity. More than 50,000 installed G-Fin units have proven the 
effectiveness and serviceability of this patented design. 














K-FIN APPARATUS 


These helical finned G-R heat transfer elements are particularly 
adapted for services where a fluid of low heat conductivity flows trans 
versely across the tubes. This design provides the only practical units for 
condensing large quantities of vapor at high vacuum when mixed with 
steam which is not to be condensed. The K-Fin surface is also particu: 
larly adapted to cooling or condensing units where air is to be the cooling 
medium. 










The G-R K-Fin Condenser 











BENTUBE SECTIONS 


Heat transfer elements set with a slight initial curvature into cast 
headers held rigidly in position, Changes in temperature therefore pro 
duce corresponding changes in flexure of the elements, causing scale 
The G-R Bentube Section formations due to hard or salt water to crack up and flake off. GR 
Bentube Sections are widely used for condensing hydrocarbon vapors and 
cooling petroleum derivatives; and similar scale-shedding elements are 
also used in the well-known G-R Bentube Evaporators for distilling boiler 
feed make-up. 












TUBEFLO SECTIONS 


This design consists of four parallel tubes expanded by a patented 
process into closely spaced diamond shaped fins. Each fluid flows through 
two of the tubes and the fins transfer the heat from the hot tubes to the 
cold tubes. This arrangement provides the only design of closed type heat 
; exchanger that will maintain rated capacity when handling dirty © 
The G-R Tubeflo Section corrosive fluids and also makes impossible leakage of one fluid to the 
other fluid. 




















TUBULAR HEAT EXCHANGERS 


G-R designs of heat transfer apparatus also include a wide variety 
of types of “bare-tube” units for all requirements. The extensive range 
of G-R equipment permits impartial recommendations, and the long 
experience of the G-R engineers assures authoritative advice on youl 
heat transfer problems. 

Bulletin describing suitable equipment for your particular requir 
ments will gladly be sent on request. 








G-R Tubular Heat Exchanger 


‘THE GRISCOM-RUSSELL COMPANY x 


285 Madison Ave., New York 17, N. Y. 
Sales Offices and Representatives in Principal Cities 
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THE Baird Associates 
Infrared Absorption Type 


* AUTOMATIC RECORDING 
-s GAS ANALYZER 


... Offers these important advantages for control of 
catalytic cracking, synthesis of fuels, and many other 
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po refining processes—increasing both operating effi- 
its for ciency and productivity: 

| with 

irticu @ Fully automatic process control 


ooling 

The gas analyzer unit automatically maintains process 
control for a critical concentration of the specified gaseous 
component by its ability to govern a standard pneumatic 
system operating at the control point. 


» cast 
> pro 


scale @ High sensitivity with high discrimination 
. be Ultimate sensitivity for most gases is approximately 10-20 
sare parts per million. For gas mixtures where infrared 
boiler absorption bands overlap, an additional “interference 

cell’? minimizes the interfering components to give high 

discriminating power. The Baird Associates infrared gas ana- 

( lyzer can be furnished in styles to suit 
ented ®@ Operated and maintained by plant technicians various requirements, including remote 
= Plant technicians assume the entire burden of chemical dicating and recording, explosion- 
- heat analysis of process gases, relieving highly skilled personnel proof housings, and the cabinet style 
y of an expensive and time-consuming task. shown above. 
o the ( 
> 


® Thermostatic controls prevent temperature errors. 


. i 
® Continuous automatic standardization of ‘zero drift’ takes Prairwrrcegy Tories ypebdypat oy x 
’ 
= place hourly. quest Bulletin XXX1. For information on 
ee its specific application to your problems, 
your we will gladly study your specifications 
and report. 







® Sealed-in reference gas unit insures reliability. 
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Filtrol Fractionation Process 





FILTROL CORPORATION 


E LTROL Fractionation is the name of the process 
in which Filtrol, the highly activated adsorbent made 
by Filtrol Corporation, is injected into a hydrocar- 
Lon oil stream as it flows to fractional distillation 
equipment. The purpose of this relatively new tech- 
nique is to combine fractional distillation and con- 
tinuous filtration into a single and more economical 
process. The process is applicable to the refining of 
solvent-treated stocks, long residuals, low-asphaltic 
or treated lube crudes, and dewaxed cylinder stock 
solutions. By combining distillation and decoloriza- 
tion, substantial savings in equipment, upkeep, main- 
tenance and operating costs are effected. 

On the opposite page is a flow diagram of a Filtrol 
Fractionation plant presented through the courtesy 
of Filtrol Corporation, 634 South Spring Street, Los 
Angeles, California. As indicated in the flow sheet, 
a portion of the charge to the pipe heater is continu- 
ously by-passed through a small mix tank. This tank 


is equipped with a mechanical agitator which mixes 
the Filtrol with the oil, thus forming a readily 
pumped oil-adsorbent slurry. The Filtrol is automati- 
cally fed to this tank by a gravimetric feeder, insur- 
ing accurate control of the adsorbent feed at all times, 
The feeder is supplied with Filtrol by a scroll-type 
conveyor from the overhead storage bin. The by- 
passed oil containing the Filtrol rejoins the main flow 
of the charge and continues through the heat ex- 
changers before entering the pipe heater. The tem- 
perature of the heater outlet is instrument controlled, 
The hot oil-adsorbent slurry then enters the vapor- 
izer section of the vacuum fractionating column where 
the unvaporized portion which contains all the Filtrol 
falls into the bottom soaking section. The lighter cuts 
thus receive an adsorbent treatment in passing through 
the exchangers and furnace, after which the adsorbent 
charge is concentrated in the bottoms, which require 
heavier treatment. The vaporized 
material is fractionated into the 
desired cuts, each of which passes 
through a steam stripper which 
eliminates undesirable odor and 
insures color-stable products. 


The bottoms and Filtrol in the 
soaking section of the tower are 
agitated and stripped by the in- 
jection of steam into the bottom 
of the vessel. The soaking time or 
contact time is regulated by con- 
trolling the liquid-level in this 
section. The slurry then passes 
through the bottoms exchangers 
and into an insulated surge tank 
from which a continuous-vacuum 
rotary filter is fed. The spent ad- 
sorbent is filtered from the oil 
which passes through a cooler to 
finished oil storage. The spent 
cake is continuously removed by 
a screw conveyor. 


In certain instances, the Filtrol 
Fractionation Process has definite 
benefits over contact filtration 
finishing. The refiner’s position, 
process- and market-wise, must 
be carefully analyzed to determine 
the extent of these advantages for 
each specific case. Important ad 
vantages realized by the use of 
this refining technique include re 
duced operating cost, lowered com 
struction cost, and maximum a@ 
sorbent economy. 
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@ Oceco Vent Valves provide positive and depend- 
able control of tank breathing. They prevent the 
free discharge of vaporized liquids resulting from 
fluctuations in temperature,—and restrict tank 
breathing, resulting from pumping into a tank. 
They avoid any serious lowering of gravity rat- 
ings; —retard the formation of gum;—and avoid 
“cave-ins” and “blow-outs” resulting from exces- 
sive vacuum and pressure. 


These valves combine the advantage of our 
twenty five years of experience in meeting the 
industry’s most exacting requirements; — and the 
results of exhaustive tests conducted in our labo- 
ratories. The Venturi effect of the body gives the 
valves even greater pressure capacity than an open 
nipple, while the spacing and design of the open- 


View of Oceco 3” Screwed Connection Vent 
Valve with Flame Snuffer and Chain. 


View of Oceco 6” Flanged Connection Vent Valve 
showing mounting on Oceco Flame Arrestor, 


ings provides large vacuum relief. The drip edges 
on the valves carry away any condensate, thus 
protecting the valves against corrosion and freez- 
ing, and the stem guided construction prevents 
sticking and “cocking.” 

The housings are semi-steel castings that can 
withstand direct exposure to flames for long 
periods of time, and consequently provide a solid 
support for the valves, valve guides and seats, 
keeping them in proper alignment and assuring 
tight closure at all times. 

Furnished in 2” and 3” sizes for screw mount- 
ing, and 4”, 6”, 8”, 10” and 12” sizes for flange 
mounting, either as individual units or complete 
with an Oceco Flame Arrestor. Prices and a fully 
descriptive bulletin sent promptly on request. 
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Automatic Chemical Feed sii il 
Systems for Metered 


Chemical Feeds 





Simplex Pump with Rotary Air (or 
Gas) Motor Drive. 








Standard Simplex Pump, 1 pt. to 300 
gph, Pressures up to 6000 psi. 





Standard Duplex Pump, 1 qt. to 600 
gph. Pressures up to 6000 psi. 





‘atalog 146 describes above and other 
ilton Roy Standard and Special 
umps also Automatic Control Systems 











WITH ROTARY AIR OR GAS MOTOR DRIVEN MILTON ROY PUMP 
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In refinery operations hundreds of Milton Roy Pumps are in successful use 
handling hot or cold distillates, solvents, furfural, sweet or sour naphtha 
fractions, liquefied petroleum gases, tars and asphalts, acids and acid sludges. 
They are used in solvent extraction, blending processes and controlled catalyst 
make-up. For pilot plant applications they combine in a single unit a metering 
and liquid transfer medium against any desired pressure. For use where electric 
current is not available a Milton Roy Pump powered by a rotary air (or gas) 
motor is offered. 

These Milton Roy Pumps are now available with completely automatic volume 
control, for applications such as adding inhibitors, neutralization of sulfides or 
others where very precise automatic metering of the volume of liquid pumped 
may be advantageous. This precise control of volume, down to 1 pint per 
hour, is accomplished by means of electronic circuits which regulate the speed 
of the pump (strokes per minute) in direct ratio to any variable that can 


be metered . . . such as rate of flow, temperature, pressure, liquid level, gas 
analysis, chemical concentrations, etc. 
The electronic control is simple, compact and rugged . . . employing standard 


long-lived units. Pumps are positive displacement units of standard Milton 
Roy Step-Valve design, in practically any metal and some plastics construc- 
tion, to meet most corrosion problems, to pump up to 23 gals. per min. per 
pump valve, ar? against pressures up to 20 thousand psi. Automatic systems are 
supplied complete with pumps, meters, control units, etc., as may be required. 


Consult with Milton Roy engineers. Ask for new Catalog 146, also Technical 
Paper No. 54 “Electronics in Automatic Chemical Feed Systems.” Other 
available current literature includes Bulletin 451 “Milton Roy Chemical Feed 
Systems for Boiler Water Treatment,” Technical Paper No. 51, “What the 
Power Engineer Needs to Know About Chemical Feed Systems,” Technical 
Paper No. 52 “Pulp Digestion,” Technical Paper No. 53, “Soap Manufac- 
ture,” Technical Paper No. 55 “Automatic pH Control in Water and Indus- 
trial Waste Treatment,” Technical Paper No. 57 “Controlled Volume 
Chemical Pumps, Design and Operation.” 


MILTON ROY COMPANY 


1378 E. Mermaid Lane, Philadelphia 18, Pa. 


See your classified ‘phone directory for local representative 


NE TCT RT: I MATTE 


Septen er, 1948—Process Handbook Edition 229 








Percolation Filtration Process 





ATTAPULGUS CLAY COMPANY 


‘Ene percolation filtration process for finish-refin- 
ing of petroleum fractions is used to produce lubri- 
cants, distillates, waxes and specialty-oil products 
to the high-quality specifications. Percolation-finished 
oils and waxes are characterized by excellent color, 
odor and taste, and by their stability and demulsify- 
ing properties. In recent years, improvements in 
equipment and more rigid application of technical 
control to filter-plant operation have increased proc- 
essing efficiency and decreased operating costs. 

Percolation filtration consists essentially of the 
filtering of a partially refined petroleum fraction 
through a columnar bed of granular adsorbent ma- 
terial. The adsorbents commonly used are fuller’s 
earth and activated bauxite. Each of these materials 
possesses certain inherent refining advantages, de- 
pending upon characteristics of the oils being finished, 
and selection of the proper adsorbent is therefore 
the first requisite to percolation-plant design. 

The mechanics of the percolation process are such 
that the oil and adsorbent are brought together under 
conditions which approach true counter-current op- 
eration. The finished products receive thereby the 
most thorough degree of purification. 

Percolation adsorbents are revivified for reuse by 
burning away of the impurities adsorbed from the 
ots. 

Lubricating-oil stocks may be refined by this 
process by percolation in dilution with 50 percent or 
more of naphtha or by the straight percolation of 
the oils without such dilution. Solvent-refined oils 
wherein the color reduction required in percolation 
finishing is relatively small and which are filtered 
primarily for stability, demulsibility, etc., usually 
may be filtered without dilution to high yields of 
finished product. A flow plan and general considera- 
tions of a plant of this latter type, suitable for the 
finishing of solvent-refined oils or waxes, is shown on 
the opposite page through courtesy of Attapulgus 
Clay Company, 260 South Broad Street, Philadel- 
phia 1, Pa. 

The adsorbent used in percolation finishing of 
mineral oils and waxes is usually a 20/60 or 30/60 
mesh. The new adsorbent is heated in the adsorbent 
burner to 600-700° F. prior to first use. The dried 
or “tempered” adsorbent then is charged to the filter 
which may vary in capacity from 10 to 50 tons. The 
filter then is filled with oil and after a short soaking 
period the percolation proper is started. The first 
oil off is usually lighter colored, the stream gradually 
darkening until the refining power of the adsorbent 
may be considered to be exhausted. The filter then 
is drained, washed with naphtha, steamed to recover 
the naphtha and to condition the adsorbent for revivi- 
fication. At the completion of this part of the cycle, 
the adsorbent is drawn from the filter and revivified 
in the burner at a maximum temperature of 1100° F. 

The decolorizing and refining efficiency of granu- 
lar fuller’s earth is gradually decreased by the re- 
vivification treatment and the usual practice is to 
replace the plant charge at intervals. The proper 
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point of clay discard varies with the type of oil stock 
being processed and is determined by cost calcula. 
tions. The number of revivifications economically 
obtained may vary from 8 to 18 with average operat- 
ing conditions and equipment. 

The revivification characteristics of activated baux- 
ite differ in several respects from fuller’s earth, the 
most significant difference being its greater resist- 
ance to loss in efficiency caused by the revivification 
operation. This smaller efficiency decline obviates the 
necessity for periodic discard and it becomes possible 
to operate a filter plant under stabilized adsorbent 
efficiency conditions, the bolstering effect of the 
makeup material necessary to compensate for un- 
avoidable handling losses just balancing the small 
decline in efficiency caused by revivification. The 
equilibrium level thus established will vary with the 
type of oil being treated and type of equipment used. 
It usually will fall within the range of 60-80 percent 
of the efficiency of new bauxite. 

The advantages of fuller’s earth are particularly 
evidenced in the manufacture of white medicinal oils 
and in the treatment of lubricating stocks where the 
desired color reduction is particularly high. Activated 
bauxite, on the other hand, displays advantageous 
qualities for the refining of petrolatums and waxes 
to light colors and to odor and taste-free specifica- 
tions. The greater resistance of bauxite to efficiency 
degradation frequently will recommend its adoption 
from economy considerations. The refining ability of 
bauxite is useful especially in the treatment of Penn- 
sylvania residual stock and in the finishing of special 
lubricating oils to high-quality demulsibility require- 
ments. 

Owing to the variable properties of oils from dit 
ferent crude sources and varying pre-treatments, the 
selection of the proper adsorbent for a given decloor- 
izing problem should be the aim of a detailed investt- 
gation and study of the oils to be treated. 

Regardless of the adsorbent employed, the per 
colation-filtration process possesses certain inherent 
merits which should be borne in mind in considering 
the installation of decolorizing facilities. 

It is essentially a low-cost process, the greater part of the 
manufacturing cost confprising expense other than adsor- 
bent cost. For this reason improvements in operating proce 
dures are reflected in reduced decolorization costs to a much 
greater degree than other processes in which the adsorbent 
cost constitutes the major item of expense. 

It is essentially a counter-current process in contrast 1 
other decolorization methods which frequently represent the 
least desirable application conceivable from the standpoint 
of counter-current operation. 

It is flexible, permitting simultaneous processing of several 
products in the filter house as well as production of sevé 
“specialty cuts” from the same filter. 

It is an adsorption process operating at low temperatures 
and, as a result, yields finished oil of generaly higher quality. 

Ultimate yields, that is, yield of.decolorized oil in percent 
of stock charged, are generally high. 2 

A recent development in percolation filter plant desigt 
has been the employment of an\open plan of construction #@ 
place of the conventional walled-in filter house. This has 
materially decreased installation costs and has also eliminat 
a number of safety hazards long inherent to the older desig™ 
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ONTACT CLAY! 


Why Handle Contact Clays Manually & = ee oe 


Why Continue to lose Too Much Oil 


Why Operate in Batches with High Maintenance & 


Other Oliver United activities in the Refinery Field 

include Filters for Slop Oil Reclamation, Fluid Cataly 

tic Cracking, Wax Refining, Filtrol Fractionation, 

Oil, Gasoline and Kerosene Treatment, Syntheti¢ ## 

ber and other Petro-Chemical Processes; also Oli 
OLIVER Acid-Handling and O.D.S. Diaphragm Slurry Pa 
CONTINUOUS VACUUM PRECOAT FILTER All are described in Bulletin 405-R. 








YREMOVAL ! 


The OLIVER PRECOAT FILTER says: 
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It’s a significant record, the one 
showing that all new domestic 
Lube Oil Contact Plants are be- 
ing equipped with Oliver Pre- 
coat Filters for clay removal! 
It’s also a matter of record that 
wherever existing contact plants 
have switched from batch clay 
removal in pressure filters to 
continuous removal with the 
Oliver Precoat, the Precoats 
have paid for themselves in a 
very short time . . . most of 
them in less than a year. And 
the trend is accelerating: con- 
tinuous Oliver Precoats super- 


Typical Precoat Filter cake dis- 
charge. readily handled on any 
kind of mechanical equipment. 





seding batch Sweetlands. 


Savings with the Oliver Precoat 
Filter can be traced directly to 
these main advantages: 


I .. ~ oil losses in spent clay 
are cut from 40 to 50% content 
to around 20 to 25%; or to put 
it another way, savings range 


from 50 to 60%. 


2... shifting from manual 
batch to continuous automatic 
handling saves from 50 to 75% 
in labor cost. 


3... and there’s considera- 


ble saving in maintenance cost 
largely because periodic replace- 


OLIVER 
UNITED FILTERS 


| OE or 





ment of individual leaves is 
eliminated; and extra leaves 
need not be kept in stock. 


As a famous public official once 
said: “Let’s look at the record.” 
Every new domestic Lube Oil 
Contact Plant since 1937 has 
been equipped with Oliver Pre- 
coat Filters. That means some- 
thing. If you are operating clay 
removal filters of the pre-pre- 
coat era, ask to have one of our 
representatives call to give you 
a report on the savings to be had 
by switching over to the Oliver 
Precoat Filter. 


much higher oil content. 


Pressure Filter Cake Discharge, 
difficult to handle because of 
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Continuous Contact Filtration Process 





FILTROL CORPORATION 


C. INTACT filtration is a process wherein petroleum 
lubricating oils are rapidly and efficiently refined by 
the simple procedure of mixing oil directly with Fil- 
trol, the activated adsorbent made by Filtrol Corpora- 
tion, heating for a short period and then separating the 
decolorized oil from the spent cake. 

The superiority of this process over other methods 
of refining has been increased by recent improvements 
in equipment design and in bleaching adsorbents, which 
in turn have simplified the operation, improved product 
quality and lowered costs. Some of the major advan- 
tages which are now recognized are briefly summarized 
below : 

Continuity of Operation. The contact process as now 
developed permits continuous operation from start to 
finish. This advance has been accomplished largely as 
a result of recent improvements in equipment manu- 
facture. 

Large Throughput with Minimum Space and Equip- 
ment Requirements. Inasmuch as this process provides 
ready adjustment of contacting temperature it is obvi- 
ously possible to handle stocks of a wide viscosity range 
with but little effect on plant throughput. The cost of 
modern contact-plant installations is_ relatively low. 
Such a plant will occupy a space not greater than 80 
feet wide by 120 feet long. 

Ease of Switching from One Type Stock to Another. 
Due to the flexibility of the contact equipment and its 
small volume, changes from one type oil to another can 
be effected with minimum time loss. 

Low Labor Cost. A modern 2000-barrel-a-day contact 
plant can be operated with two men per shift. Equipment 
design has undergone improvement to the extent that 
substantially each unit of the plant can be controlled 
automatically. 

Rapid and Accurate Cost Analysis. Simplicity of the 
contact process makes it possible to obtain accurate daily 
cost data. Thus the management is constantly provided 
with true costs of the finished oils, either individually 
or collectively. 

High Quality Products. Uniform and predictable col- 
ors, superior casts, lower carbon residues, improved 
emulsion and oxidation tests, are among the outstanding 
merits of this process. The use of fresh and uniformly 
standardized adsorbent in the contact process eliminates 
the uncertainties. 

Adaptability to Other Refinery Processes. A contact 
plant can be used to clarify, decolorize, and/or neutralize 
lubricating oils whether they have been acid-treated, 
solvent-extracted or simply distilled. In addition to fin- 
ishing the normal production of such processes, the 
contact plant often is used to correct previous faulty 
refining. Sour oils are neutralized and decolorized in 
one operation, eliminating caustic neutralization and the 
accompanying disadvantages of emulsion formation and 
poor casts. 

Low Operating Costs. In a modern contact-filtration 
unit where adsorbent handling is accomplished by an 
automatic mechanical system, the operation cost aver- 
ages approximately $0.08 per barrel for a 2000-barrel- 
per-day plant. 


234 





Maximum Adsorbent Economy. The flexibility of 
modern design in a contact filtration unit combined with 
improved adsorbents enables the process to be operated 
under optimun conditions. This positive control of mix 
ing, heating, filtering and stripping results in maximum 
adsorbent economy. Generally speaking, activated a¢ 
sorbent efficiencies increase with temperatures, the opti- 
mum point being at or near the flash point of the con 
tact oil. 

On the opposite page is a flow diagram of a com 
tinuous contact plant presented through the courtesy of 
Filtrol Corporation, 634 South Spring Street, Los Am 
geles, California. After Filtrol has been added by means 
of automatic proportioning equipment to the oil change, 
the oil-Filtrol mixture enters a pipe-still heater where 
the maximum contact temperature is obtained in a once 
through operation. From the heater, the slurry of of 
and Filtrol enters a baffled vacuum stripping tower 
where a level is maintained regulating the time of com 
tact. Steam sometimes is passed up the tower to facile 
tate the stripping action. The slurry is drawn contin 
ously from the bottom of the tower, passed through 
the heat exchanger utilized to heat the fresh-oil charge, 
and thence to a filter surge tank which acts as a reser 
voir to feed the continuous precoat rotary filter. The 
filtered oil from this filter sometimes is charged toa 
high-vacuum stripper to furnish additional control of 
flash, odor, oxidation, and emulsion characteristics. The 
filtered oil finally is pumped through a blotter press 
which furnishes a polishing step before the oil is trams 
ferred to storage. In a few cases where the conditions 
warrant it, the spent filter cake is extracted with naphtha 
to recover the small additional quantity of oil soakage 

Filtrol addition, temperatures, rates, etc., are all sab 
ject to automatic control in modern installations, hence 
long uniform runs are currently made without difficully. 
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For Today’s 
Tough Service Demands 





EFFICIENT AND DEPENDABLE 
STEAM GENERATION 
Vogt steam generating units are designed to 
give maximum rating in a minimum of space 
with high efficiency and low maintenance ex- 
pense. Bent tube types and straight tube, 
forged steel sectional header types to burn 
solid, liquid or gaseous fuels, as Tesired., meet 
every power, heating or process requirement. 





PROCESS EQUIPMENT FOR 
EVERY SERVICE 

Stills, towers, oil chilling machines, filter presses, 
heat exchangers, etc. are constructed to all 
Codes. They meet all demands for operating 
security and trouble-free performance and help 
to lower costs in important process industries 
around the world, 





SPECIAL MATERIALS FIGHT CORROSION 

AND PRODUCT CONTAMINATION 
Our modern shops produce a wide variety of 
equipment made from special metals and alloys 
to combat corrosion, and product contamination 
or discoloration. Fabrication procedures em- 
ployed insure that corrosion resistant properties 
of welds will match that of the materials from 
which units are constructed, 





MORE TONNAGE AT LESS COST 
Over 60 years of manufacturing experience, 
engineering and research ‘stand behind Vogt 
refrigerating and ice making machinery. Ab- 
sorption Systems, Compression Systems, and the 
Automatic Tube-Ice Machine in a wide range of 
capacities serve in leading petroleum refineries, 
chemical plants, ice and cold storage plants, 
dairies, packing plants, etc., at home and abroad. 





DROP FORGED FOR EXTRA TOUGHNESS 
AND LONG-TIME SERVICE 
Vogt valves, fittings and flanges, for top per- 
formance in oil, water, air, gas, and ammonia 
services, at high or low pressures and tempera- 
tures, are available drop forged entirely from 
carbon steel or stainless steel. Valves can be 
furnished in a combination of materials by 
using stainless steel for parts affected by service 
temperature or corrosion, and less expensive 
alloys or carbon steel for other parts. 








Air View of Vogt Plant 


HENRY VOGT MACHINE CoO. 
LOUISVILLE 10, KENTUCKY ; 


>» wee 
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YARNALL-WARING COMPANY 


Manufacturers of 


Steam Specialties 


Trade-Mark 


Main Office and Works: 140 MERMAID AVE., PHILADELPHIA 18, PA. 





THE YARWAY IMPULSE STEAM TRAP 


600,000 sold. Stocked by nearly 150 mill supply houses in key cities. 


Simple construction. Made 
entirely of bar stock; body 
and bonnet of cold drawn 
steel, cadmium plated for pro- 
tection against rusting; valve, 
seat and control cylinder of 
stainless steel, valve and seat 
heat-treated. Bronze capped 
traps for pressures up to 400 
lbs., all-stainless-steel for 400 
to 600 Ibs. 

Good for all pressures 
without change of valve or 
seat. Yarway Impulse Traps are factory set to oper- 
ate at all pressures without adjustment or change of 
working parts. Six sizes, % to 2 in., serve nearly all 


Impulse Trap 


trap needs. 

Only one moving part, the valve (F) shown above. 
Valve and seat of stainless steel, heat-treated for 
long life. 

Small size, hardly larger than a pipe union. '%-in. 
trap is 25@ in. long, 2-in. trap 434 in. long. 

Light weight, 14-in. trap weighs only 1% lbs., 2-in. 
trap weighs only 85% Ibs. No support other than the 
pipe line. 

Low cost. Frequently cheaper to install new Yar- 
way trap than to repair old ordinary trap. 

_ Easily installed. Straight line connection simplifies 
installation. Removal of bonnet permits inspection 
ot working parts without taking trap out of line. 
High efficiency. Large air and condensate capaci- 
ties. Fast heating and sustained efficiency. 


Write for Catalog T-1739 


tru 


OPERATION 

Small portion of condensate is bypassed continu- 
ously around piston of valve F into controlled cham- 
ber K, discharging through orifice in center of valve 
into outlet side of trap. At low condensate tempera- 
tures, discharge through center orifice reduces cham- 
ber pressure and valve is lifted for full discharge 
through main seat. At near-steam temperature, con- 
densate vaporizes at reduced pressure in control 
chamber. Expansion of this vapor raises chamber 
pressure and valve is closed, shutting off main dis- 
charge. 

Under small condensate load, discharge is handled 
by control orifice and valve does not lift. At medium 
condensate loads, valve opens and closes at short 
intervals. Under heavy condensate load, valve opens 
wide and discharge is heavy and continuous. 


CAPACITIES*, PRICES, WEIGHTS & DIMENSIONS 
*Maximum continuous discharge of condensate in pounds per hvur. 
Nos. 60 to 67 for 400 lbs. press., Nos. 120 


4” a" 1” 
No. 60 | No. 61 | No. 63 
Pressure Pounds No. 120 | No. 121 | No. 123 


825 1360 $425 
1150 4340 
§050 
5615 
6100 
6525 
6930 
7260 
7600 
7876 
830 
9075 
5960 950 





Trap List a ree 5. 2. s / $48.00 $00.00 - 
Trap Weight, lbs A 2 Z 4 nig 
Trap Length, ins............ 34 \ 43; 


Iron Str. List Prices....... . . . . ' $: A $0.80 
Iron Str. Weight, Ibs........... bo 5 s int; 
Iron Str. Length, ins 3% : aoe 55a \ 744 























(Figure No. 250 to 257) Integral 
Strainer Impulse Trap yar pase 
sures up to 600 Ib. Steel m 
socket weld connections. 


(Figure No. 140 to 147) Integral 
trainer Impulse Trap for pres- 

sures up to 600 Ib. Steel body, 
anged connections. 


(Figure No. 410 to 417) Integral 
Strainer Impulse Trap for pres- 
sures up to 150 lb. Bronze . 
screwed connections. 


(Figure No. 90 to 97) Impulse 
Trap for pressures up to 600 Ib. 
(Using separate strainer.) Steel 
body, flanged connections. 


THE YARWAY FINE-SCREEN STRAINER 


body from 250 to 600 Ibs. Monel woven wire 
screen and easy-to-remove blow-off bushing. 
Six sizes, %” to 2”. Send for Bulletin S-201. 


_ Recommended for every Impulse Trap and 
tor other pipe line appliances. Cadmium plated. 
Iron body for pressures up to 250 Ibs., steel 


Spray Nozzles 
Expansion Joints 


OTHER YARWAY Blow-off Valves for Power Plant Boilers Water Columns and Gauges 
CTS: Blow-off Valves for Oil Field Boilers Remote Liquid Level Indicators and Recorders 
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De Laval S-N Acid Treating Process 





THE DE LAVAL SEPARATOR COMPANY 


: De Laval S-N continuous acid treating pro- 
cess as developed by The De Laval Separator Com- 
pany, New York, and The Separator Nobel Com- 
pany, Stockholm, Sweden, is applicable to the refining 
of the complete range of oils from cracked naphtha, 
pressure distillate, kerosene, etc., down to heavy cyl- 
inder stocks with viscosities as high as 200 S. S. U. 
at 210° F. 

A feature of this process is the De Laval Acid 
Sludge Separator of which several types are availa- 
ble. As this centrifugal separator instantaneously and 
completely separates the acid sludges from the vari- 
ous oils and continuously discharges both oil and 
sludge, the time of contact between acid and oil may 
be carefully regulated to the optimum, rather than 
being determined by the length of time required for 
the sludge to settle by gravity. 

While the problem of acid treating light oils is 
somewhat different from the refining of heavy lubri- 
cating stocks, with the exception of a few details of 
design, in general, the same equipment is used. The 
continuous process has been made feasible by the 
development of highly specialized centrifugal sepa- 
rators, and of almost equal importance, by the devel- 
opment of properly designed auxiliary equipment to 
effect the proper treatment of the oil and at the same 
time to condition it so that the sludge can be most 
efficiently removed by the centrifugal machine. As 
the acid and oil are carefully metered, continuously 
mixed and subjected to a predetermined degree of 
agitation, the acid is more efficiently utilized with a 
consequent reduction in acid requirements. 

The proper control of contact time between acid 
and oil, in the case of cracked distillates, results in 
lower polymerization losses and lower loss of “anti- 
knock” rating during acid treatment; in the case of 
lubricating oil stocks, re-solution of the sludge is 
eliminated with its resultant darkening and instabil- 
ity of the oil. Batch agitators with air agitation with 
their inefficient use of chemicals, inflexible operation 
and difficult disposal of hard, viscous sludges, are 
eliminated, 

Due to the more complete separation of the acid 
from the oil, in all cases there is a reduction in refin- 
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ing losses ranging from 25 to 50 percent of those 
encountered when gravity settling is employed. 

The flow sheet shows the equipment used in the 
treatment of light distillates. With a few modifica- 
tions, this same flow diagram applies to the acid 
treatment of lube oils. 

The operating sequence is as follows: 

The raw distillate is metered through a recorder 
controller into a trap for water and sediment, which 
at the same time serves as a constant level suction 
tank for the acid mixing pump. The used acid from 
the second (fresh acid) separator flows into the sue 
tion of this pump. The mixture of distillate and acid 
is discharged either directly or through one or several 
of the contact columns to the first stage De Laval 
Acid Sludge Separator where complete separation 
takes place. 

The spent acid sludge discharged from the centri- 
fugal separator is less viscous and can be disposed 
of to waste more readily than that drawn from batch 
agitators. The pretreated distillate flows to an inter- 
mediate tank, from which is is picked up by a mixing 
pump. A controlled amount of fresh concentrated 
sulphuric acid is admitted into the suction of this 
pump. The mixture from this pump passes directly 
or through one or several of the mixing columns into 
the second stage De Laval Acid Sludge Separator. The 
acid treated distillate is discharged into an inter- 
mediate tank for continuous water washing with a 
controlled amount of water. The water-washed dis- 
tillate is picked up by the mixing pump for neutral 
ization. A controlled amount of caustic soda solution 
is introduced into the suction of this pump. The 
niixture is passed through the contact equipment into 
the De Laval Soda Separator, The neutralized distil 
late flows into a rundown tank, while the spent soda 
solution is discharged to waste. For convenience of 
operation during the starting and shutdown periods 
the plant is equipped with a small recirculation tank. 
The whole plant is completely enclosed and vapor- 
tight. 

The plant is provided with special mechanical 
means for cleaning the separator bowls which usually 
takes place as a routine operation every second oF 
third week. 
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PETROLEUM 
LQUIPMEN| : 


Power Generatior 


HIS IS YOUR POWER SYSTEM .... in 


form or another. Note that all but two pieces 
equipment can be supplied by Allis-Chalmers . . 
builders of the most complete line of major equip 
ment for the generation and distribution of power 
Each of these Allis-Chalmers products is availabl 
in a wide variety of types and sizes . . . standard ¢ 
specifically engineered. This range of equipment sim 
plifies your ordering problems . . . means you 





FOR FIELD, 
REFINERY, 
TRANSPORTATION 





Need help for new building — mod- 

ernizing — expanding? Get practical, 
down-to-earth buying assistance from Allis- 
Chalmers oil industry specialists, who know pe- 
troleum equipment needs! 


IN RATINGS TO 2,000 HP AND HIGHER, Allis-Chalmers bull 
these totally enclosed fan-cooled motors for hazardous locate 
. in refineries and pipelines. Simple ventilation system ™ 
tube-type air-to-air heat exchangers is easy to clean. Designee ™ 
service in corrosive atmospheres and in localities where ait-0™ 
particles create a problem in ventilating open-type motors. 





~~ And be assured of unbiased recom- 


mendation because you choose from 


the world’s widest range of electric power and 
mechanical processing equipment! 


Texrope and Regulex are Allis-Chalmers trademarks. 


ALLI 


Power, Electrical, 


A-C specialists are as near as your 
. Call your A-C Office or write 
ALLIS-CHALMERS, MILWAUKEE 1, WIS. 
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@lace the responsibility for a unit purchase on 
ecompany. Further, you will be using equip- 
nt that is known for long life, low mainte- 
ance and liberal construction . . . aids you in 

eeting today’s demands for high production. 
@ When planning new power equipment, call 
our nearby A-C office for help and product in- 
prmation. Or write ALLIS-CHALMERS, MIL- 
JAUKEE 1, WIs. A2508 








, IFUGAL BLOWERS ... ROTARY FOR PUMPING GASOLINE, WATER SEND FOR FREE BULLETINS! 

BP MPRESSORS . . . vacuum pumps are and other liquids, A-C can supply pumps The “Directory of Products” 

uilable in a wide range of types and im many types and sizes, Included is the lists all Allis-Chalmers prod- 

eS. Drives include motors, steam tur- Self-Priming unit, popular for loading and _ucts and literature. Send for 

nes, gas turbines—A-C is the only U.S. unloading tank cars, barges, etc. because it your copy. . . learn what A-C 

pany to furnish gas turbine-axial com- maintains pumping action even when slugs builds to help you maintain 
“Sor units for the Houdry process. of air or gas are admitted. high production. 
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Alkylation Acid Regeneration Process 





CHEMICAL CONSTRUCTION CORPORATION 


: il CHEMICO Alkylation Acid Recovery Proc- 
ess is a development of Chemical Construction Cor- 
poration, New York. This method converts spent 
alkylation acid, regardless of its strength and carbon 
content, into new, water-white H,SO, of any desired 
concentration. The system can also make additional 
acid from elemental sulphur or sulphur gases, either 
alone, or while spent acid is being reclaimed. 

In brief, the process decomposes the spent alkyla- 
tion-acid mixture by burning. The hydrocarbon con- 
tent acts as fuel, and the acid itself breaks down into 
sulphur dioxide and water. The sulphur dioxide then 
is cooled, scrubbed, and passed into a contact acid 
plant, from which it emerges as new sulphuric acid, 
usually 98 percent H,SQ,. 

As shown in the diagram, the spent acid is pumped 
from a storage tank through an atomizing burner to 
the furnace, which is a brick-lined steel shell. The 
acid is decomposed at approximately 2000° F. with 
additional fuel or high oil sludges supplementing the 
hydrocarbons of the spent-acid mixture, if necessary. 
Preheated air is used for combustion. If desired, mol- 
ten sulphur or hydrogen sulphide gas from other 
sources also can be burned in the furnace to supply 
heat and produce additional SO,,. 

From the furnace, the gases pass to the recupera- 
tor, a tubular heat exchanger, and are cooled to 1200° 
F. The extracted heat is used to preheat the air fed 
into the furnace. From the recuperator, the gases go 
to the scrubbing tower. This tower is of steel, lined 
with sheet lead and acid-proof masonry, and is 
packed with spiral rings. Circulating dilute acid cools 
the gases to 250° F. and also washes out any dust 
which may have blown over from the furnace. 

Next step is the cooling tower which is like the 
scrubbing tower, except it is not packed. The gases 
are cooled in this tower to 100° F. by water spray, 
and then go to the Cottrell mist precipitator. The 
SO, that dissolves in spray water of the cooling 
tower is removed in a stripping tower which is a 
lead-lined steel shell packed with spiral rings. A 
current of air passing through the water displaces 
the SO, gas which is returned to the main gas stream 
flowing to the precipitator. 

In the precipitator all the sulphuric acid mist in 
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the gas stream is electrostatically removed and sent 
back to the scrubbing tower. The gas now is passed 
through a drying tower which has 93 percent sub 
phuric acid circulating over spiral ring packing. This 
acid is supplied from a pump tank and is cooled to 
desired temperature by cooling coils on its retum 
to pump tank; sufficient 98 percent acid is constantly 
added to maintain the drying acid at 93 percent. As 
the dried gas leaves the drying tower air is added to 
reduce the SO, content to 8 percent, and the diluted 
gas is transferred through a centrifugal blower to 
primary and secondary heat exchangers for heating 
to 825° F. 

Ready now for conversion, the heated gas enters 
the primary converter. This is an insulated steel 
shell containing layers of vanadium catalyst. The 
SO,, in contact with the catalyst, is oxidized to SO, 
and rises in temperature to 1150° F. The hot gas is 
piped back to the hot side of secondary heat ex 
changer where it is cooled again to 825° F., the ex 
tracted heat being transferred to the incoming SO; 
and-air mixture entering the converter. The cooled 
gas goes now to the secondary converter and again 
is passed over vanadium catalysts to make sure all 
SO, is oxidized. This second oxidizing procedure 
generates more heat, which is removed by passing 
the gas through the hot side of the primary heat 
exchanger where the heat is absorbed by the SO, 
and air approaching the converters. 

The SO, gas, at 250° F., now enters the absorption 
tower, a steel shell structure lined with acid-proof 
masonry and packed with spiral rings. The SO, 
absorbed by the 98 percent acid circulating through 
the tower from the strong-acid pump tank and strong- 
acid cooling coils. Part of the 98-percent acid Gir 
culates back to the drying tower to maintain the dry 
ing acid at 93 percent and bring the absorbed wate 
over to the absorption tower where it forms H,S0, 
with the SO, gas being absorbed. Additional wate 
is added as required. 

The storage tank receives the newly formed % 
percent acid as it is drawn off from the strong-acid 
cooling system. 

In getting the system started, heat is supplied @ 
the converters by an external starting-up furnace 
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ERCO Catalytic Reforming enables refiners 
p.. improve the octane numbers of their total 


refinery gasolines. The process treats many dif- 
ferent feed stocks — straight run, cracked and 
polymerized gasolines, naphthas or blends — 
from a wide variety of crudes. By operating 
under mild catalytic cracking or catalytic reform- 
ing conditions all the advantages of desulfuriza- 
tion are obtained plus further appreciation in 


PHILLIPS PETROLEUM COMPANY 





9 CM 


4 
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the ASTM octane number. The spread between 


ASTM and Research octanes is also increased. 


Initial investment costs and operating expense 
of Perco Catalytic Reforming are low and the 
process is adaptable to any size refinery — 
large or small. A Perco engineer will gladly 
explain how this modern refinery method can be 


of benefit to you. 


PERCO PROCESSES 
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Gasoline and Naphtha 
Treating Processes 


The continuing heavy demand for petroleum products coupled with 
the gradual depletion of low-sulfur-content crude oils in the United States 
is forcing refiners to process increasing amounts of high-sulfur-content 
crudes of which there are considerable reserves. 


The problem of handling high-sulfur crudes has been worked out in 
two general ways by different refineries. In some cases refiners have 
built or converted from other service entire separate processing facilities 
for high sulfur crude operations. Others have elected to blend high-sulfur 
with low-sulfur crudes and to process the mixture. Wartime experience 
indicated that up to 5 percent of high-sulfur crude could, for instance, be 
blended with Midcontinent pipe line crudes without imposing any great 
hardship on the refineries served. 


This general increase in crude oil sulfur content is especially noticeable 
in its effect on the product quality of raw gasolines and light distillates, 
and is greatly aggravating the treating problems encountered with these 
fractions. 


The basic properties of gasolines that are adjustable by various treat- 
ing methods include total sulfur content, corrosive sulfur content, color, 
color stability, gum content, and potential gum content. The extent and 
manner of treatment used to effect improvement in these properties also 
has a marked influence on lead susceptibility, antioxidant susceptibility, 
and octane number of the treated gasoline. With high octane gasolines in 
ever stronger demand, and with the general level of octane numbers 
going stadily upward, these secondary effects of treatment are receiving 
more attention as they have high economic importance. 


Earlier treating methods involved use of sulfuric acid contacting, wash- 
ing with aqueous alkali, and with alkaline plumbite. Sulfuric acid does 
effect substantial improvement in gasoline properties, but has a deleteri- 
ous effect on octane number and lead susceptibilities. In general, its use 
has been abandoned as other methods have proved more efficient and 
less expensive. Thermally cracked gasolines undergo polymerization 
effects, too, when treated with sulfuric acid and require redistillation. 


The once serious problem of gasoline color now is of little consequence 
because of the general adoption of dyed motor fuels. A degree of color 
improvement sufficient for present needs is usually difficult to obtain only 
where sweetening difficulties are encountered. 


With high octane numbers for a major objective, the typical refinery 
now employs a variety of treating processes ranging from simple caustic 
washing through various sweetening processes to mild catalytic re- 
forming. 
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Solutizer Process 





SHELL DEVELOPMENT COMPANY 


: Shell Solutizer Process for sweetening gaso- 
lines and naphthas is unique in that a doctor-sweet 
product is made by substantially complete physical 
extraction, instead of chemical conversion, of mercap- 
tans. For the extraction, caustic solution containing 
an organic substance (such as potassium isobutyrate), 
called for brevity Solutizer, is used. The removal of 
mercaptans gives products characterized without ex- 
ception by an improvement in their TEL suscepti- 
bility and, very often, by an improved initial octane 
rating, compared to those sweetened by conventional 
doctor or other treatments based on the oxidation of 
mercaptans to disulfides. In addition, there is a re- 
duction in total sulfur brought about by the Shell 
Solutizer sweetening which in some cases is suffi- 
cient to eliminate sulfuric acid treatment normally 
required to produce fractions conforming to low- 
suitur specifications. In other cases, the Shell 
Solutizer sweetening applied prior to acid treating 
results in the reduction of acid requirements. How- 
ever, even when the Shell Solutizer Process replaces 
doctor or other sweetening treatment of acid-treated 
stocks, substantial economies and improvements in 
product qualities are effected. 

The process is applicable for sweetening either 
straight-run cracked, reformed, or synthetic frac- 
tions, and its effectiveness even extends to the prod- 
ucts boiling outside the normal gasoline range. 

The Shell Solutizer Process is continuous and fully 
regenerative. Essentially, it consists of mercaptan 
extraction with a lean solutizer-solution and the 
regeneration of the fat solutizer-solution by boiling 
and stripping with steam. As indicated on the accom- 
panying flow diagram, a sour gasoline or other hydro- 
carbon fraction is first pre-treated with a caustic 
solution of suitable concentration to remove such im- 
purities as carbonoxylic and other relatively strong 
acids or to adjust the concentration of some acidic 
components, such as alkyl phenols, to permit efficient 
solutizer treatment. Usually a batch of caustic solu- 
tion is used for pre-treating until practically ex- 
hausted. The pretreated gasoline is passed on to a 
countercurrent extraction unit in which it is brought 
into contact with a lean solutizer-solution. Extrac- 
tion columns packed with carbon Raschig rings are 
effective and proven for this purpose. The sour hydro- 
carbon fraction is introduced near the bottom of the 


column and the lean solutizer-solution enters near 
the top of the column. Intimate countercurrent con- 
tact of the two streams results, and a doctor-sweet 
fraction and fat solutizer-solution are withdrawn 
from the opposite ends of the column. 

The fat solutizer-solution then is diluted with a 
condensate produced in the regenerating step. The 
diluted solution is allowed to settle in a separator, 
where a small quantity of sour gasoline, initially 
partly entrained and partly dissolved in the fat solu- 
tion, separates out as the result of the dilution. This 
sour gasoline is skimmed and returned to the extrac- 
tion column. The separated fat solutizer-solution is 
preheated and fed to the top plate of a bubble-plate 
solutizer-solution regenerator. The fat solution is 
regenerated by being stripped of mercaptans by 
steam either injected from an outside source or 
generated in a reboiler at the bottom of the regenera- 
tor. A temperature in the neighborhood of 270° F. is 
maintained at the bottom of the column; it varies 
somewhat with the composition of the solutizer solu- 
tion and the pressure. The regenerated or lean solu- 
tion is pumped through heat exchangers and coolers 
to the top of the extraction column. 

The steam and mercaptans pass from the regenera- 
tor to the condensate stripper and on to, first, the 
condenser and, then, to a separator. The condensate 
is pumped from the latter to the top of the con 
densate stripper, from which a mercaptan-free con 
densate is withdrawn to dilute the fat solutizer- 
solution just prior to its entering the gasoline 
separator. The mercaptans separated from the con 
densate are available for chemical syntheses or can 
be disposed of as fuel. 

The construction of the Shell Solutizer Process 
plant presents no unusual engineering or corrosion 
problems. With the exception of a copper-nickel-alloy 
tube-bundle in the reboiler, the equipment can be 
made of low-carbon steel. 

One of the developments of the basic process pet 
mits, under certain circumstances, a treatment of 
several gasolines to produce their doctor-sweet blend 
at practically no additional cost over that of the 
solutizer sweetening of one of the component gas 
lines. 

This process is licensed by Shell Development 
Company, New York. 
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Mercapsol Gasoline Treating Process 





THE PURE OIL COMPANY 


ye Mercapsol Treating Process is a practical, 
economical method for removing mercaptans from 
gasoline. In this process the removal of mercaptans 
is accomplished by extraction with an aqueous solu- 
tion of caustic soda containing certain solubility 
promoters. Continuous, countercurrent extraction is 
performed in a packed tower, and the spent treating 
solution is continuously stripped of mercaptans by 
steam in a bubble tower or packed tower. Provisions 
are made for protecting the treating solution against 
the accumulation of sodium sulfide and other un- 
desirable substances. Auxiliaries are included for 
removing all traces of treating solution from the 
treated gasoline and for recovering entrained and 
dissolved gasoline from the spent treating solution. 

The equipment used for the Mercapsol process 
is all of conventional type. In fact, many items of 
existing plant equipment can usually be incorporated 
into a Mercapsol unit, and multi-stage mixing and 
settling can be substituted for packed tower extrac- 
tion. The treating solution is made from inexpensive 
materials and can be used indefinitely, only a small 
amount of chemical makeup being necessary be- 
cause of leakage and other minor losses. The opera- 
tion of the process is simple and can be made prac- 
tically automatic by the use of suitable instruments. 

In the operation of the process, raw gasoline is 
fed to the H,S removal tower (packed) and flows 
upward through a batch of caustic soda solution. 
The gasoline then passes down through a packed 
coalescer whose function is to remove the aqueous 
phase and anything contained therein, from the gas- 
oline. Then the gasoline enters the mercaptan re- 
moval tower and flows through the packing counter- 
currently to the down-coming stream of Mercapsol 
solution, which extracts substantially all of the mer- 
captans from the gasoline. The gasoline then goes 
to a settler and from there through a coalescer for 
removal and recovery of the last traces of treating 
solution before going to storage. A pressure regu- 
lator on the gasoline run-down line holds sufficient 
back pressure on the system. 

A stream of regenerated Mercapsol is pumped from 
the storage tank into the mercaptan removal tower 
near the top and is regulated by a liquid level con- 
troller operating on the interface between gasoline 
and Mercapsol in this tower. Mercapsol solution 
flows from the bottom of the mercaptan removal 
tower to a settler in which entrained gasoline is 
separated and returned to the tower. Then the spent 
Mercapsol exchanges heat with the hot regenerated 
solution im an exchanger and is further heated by 


steam in a heater before going to the top of the gaso 
line stripper. The flow of Mercapsol into this stripper 
is regulated by a level controller near the bottom of 
this tower. A small amount of process steam flowing 
up through the stripper removes the small amount 
of dissolved gasoline, which is condensed, collected 
in a small tank, and pumped back to the mercaptan 
removal tower. This stripper is designed and com 
trolled to remove substantially all the gasoline from 
the Mercapsol without removing more than a very 
small portion of the mercaptans present in the sol 


tion. Mercapsol, at a rate set by a recording flow 
controller, is pumped from the bottom of the gaso 
line stripper to the top of the regenerating tower, 
Flowing down counter-currently to the steam rising 
in this tower, the Mercapsol is stripped of mercap- 
tans. A liquid level controller holds a level in the 
bottom of the regenerator, and regenerated Mercap- 
sol, after passing through the heat exchanger, § 
pumped through a cooler to the storage tank. Strip 
ping steam is regulated by a recording flow com 
troller, and a portion of this steam is used in a closed 
coil to keep the Mercapsol in the bottom of the tower 
boiling moderately. Steam condensate from this coil 
and from the steam heater mentioned previously 
collected in a small tank, and, since this water is free 
of dissolved solids, it is used to replace the small 
amount of water evaporated from the Mercapsdl 
during regeneration. The circulation rate of Mer 
capsol and the amount of stripping steam requiréd 
depend upon the concentration and distribution of 
mercaptans in the raw gasoline. 

The recent trend toward the processing of high 
sulfur crudes has increased the attractiveness of ga® 
oline treating methods which remove mercaptais 
over those which convert mercaptans to disulfides, 
Regenerative caustic scrubbing, which has been ef 
ployed frequently in conjunction with the olde 
treating methods, usually did not remove much more 
than half the mercaptan sulfur in the raw gasoline 
Between 95 percent and 99 percent removal of mer 
captan sulfur is obtained by use of the Mercapsol 
process, and this substantially greater reduction in 
sulfur results in considerable savings of tetraethyl 
lead as well as other benefits. In many cases the 
Mercapsol treated gasoline is “doctor-sweet,” andi 
almost any case contains such a low concentration 
of mercaptan sulfur that its effect upon odor or lead 
susceptibility is not detectable. ; 

The Mercapsol Process, in successful commercial 
operation since 1941, is licensed by The Pure Oil 
Company. 
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Cobalt Molybdate Desulfurization Process 





UNION OIL COMPANY OF CALIFORNIA 


Tae depletion of low-sulfur-content crudes in the 
United States is forcing refiners to employ increasing 
amounts of high-sulfur-content, low-quality crudes 
of which there are considerable reserves. To date, the 
utilization of these latter stocks has been largely in 
the form of blends with the sweet crudes normally 
used in refinery operations. The sulfur-containing dis- 
tillates have been handled by a variety of methods 
ranging from mercaptan removal only to mild cata- 
lytic reforming. However as the amount of high- 
sulfur stocks processed increases, the proportion of 
refractory thiophenes and thiophanes, largely un- 
affected by present treating processes, also is in- 
creased, and a definite need is arising for a more 
effective means of desulfurization. 

The Cobalt Molybdate Desulfurization Process has 
been developed as an answer to the limitations of 
existing procedures, It represents a versatile method 
of sulfur removal capable of handling all types of 
petroleum distillate stocks encountered in normal 
refining operations, and is capable of removing sulfur 
from even the most refractory compounds associated 
with these stocks. Fundamentally, the process in- 
volves the conversion of organically combined sulfur 
to hydrogen sulfide by contact with a catalyst con- 
taining cobalt molybdate in the presence of hydrogen. 
Cracked gasoline stocks containing 3 percent by 
weight or more of sulfur have been treated to give 
products of as low’ as 0.01 percent by weight of 
sulfur in yields of 99-100 volume-percent. Heavy gas- 
oil stocks containing as much as 5.0 percent by 
weight of sulfur have been reduced in sulfur content 
to less than 0.2 percent with 100 volume percent yields. 
The accompanying diagram presents a _ simplified 
process flow for a unit to handle coke-still distillate 
of about 4.0 percent sulfur content and containing 
approximately 30 percent of material distilling in the 
lubricating-oil range. Referring to the diagram, the 
feed stock and hydrogen are preheated by exchange 
against the hot reaction products. The exothermic 
heat of reaction is of sufficient magnitude to make 
the process independent of the preheat furnace ex- 
cept during start-up periods. The catalytic treatment 
may be conducted over a wide range of temperatures, 
but for maximum yield and desulfurization, a tem- 
perature in the neighborhood of 800° F. is employed. 
The reaction products after exchange with the feed 
are cooled and passed to a separator. The liquid 
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product from the separator may be caustic-washed 
to remove traces of dissolved hydrogen sulfide and 
then sent to storage. The gas from the separator, 
containing hydrogen, hydrogen sulfide and small 
amounts of hydrocarbons, is treated in an oil absorp- 
tion unit at the reaction pressure and the separated 
hydrogen recycled to the reactors. 

For the treatment of coke-still distillate, a multiple 
reactor construction is employed, three reactors be- 
ing on stream while the fourth is being regenerated. 
Regeneration of the catalyst is accomplished in the 
conventional manner by adding air to a stream of 
inert combustion gas circulated through the catalyst 
bed. The characteristics of a typical coke-still dis- 
tillate and the products resulting from its treatment 
by the Cobalt Molybdate Process are given in the 
following tabulation: 


Characteristics of Feed and Products from Desulfurization 
of Coke Still Distillate 











Feed, Gasoline Gas Oil 
Heavy Fraction 
Coker Gas of of 
oil Product Product 
Vield, percent by Vol. based on Feed adie 8.4 91.1 
Gravity, °API at 60° F. . 19.4 47.7 28.1 
ASTM Distillation hPa FP. | 
ea dese 482 164 480 
10 percent. . ft eee et ee 584 238 498 
50 percent........ i tg Who csr ce 699 320 612 
CG eta wadehe tenets icine 372 ° can 
Maximum.... 760 + 392 760+ 
Rec. percent 72.5 98.0 91.0 
Sulfur Content, percent by weight... 4.2 0.1 0.5 
Acid Solubility, percent by Vol...... 100.0 37.5 50.0 
Knock Rating, CFR Motor Method: 
| PEF Eres erry ree naan 64.5 oo 
3.0 mi. TEL EEA RAS ae aii 76.5 oon 
Viscosity, SUS at ; 100° F pindacaks P 84 > ane 55 
Pour Point, °F .. Siiehand a aad 65 45 

















The above is illustrative of only one type of appli- 
cation of the Cobalt Molybdate Process. Cobalt 
Molybdate treatment is unusually flexible and, if de 
sired, can be used not only to remove sulfur com 
pounds but simultaneously to improve the octane 
rating of gasoline stocks. In all cases the gasoline 
products have excellent lead susceptibilities. The 
products heavier than gasoline make good reforming 
and cracking stocks. 

Detailed information on specific problems cam be 
obtained from Union Oil Company of California, Los 
Angeles. 
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Ye treating process can 
add “‘new refinery” economies 


in your modernization plans? 


g 
9 


The TANNIN SOLUTIZER 
PROCESS... 


g 


4 4 You immediately achieve substantial savings 
in TEL. 
You profit through reduced loss of gasoline. 
Your operating costs are extremely low with this thor- 
oughly modern yet simple process. 


With the Tannin Solutizer Process, you can generally 


We will be glad to give you more information adapt your existing treating equipment with almost neg: 


on this established process. The TANNIN ligible conversion costs. 
SOLUTIZER PROCESS is licensed under the 

rights of Socony-Vacuum Oil Company and 

Shell Development Company by 


SHELL DEVELOPMENT COMPANY, INCORPORATED 


50 West 50th Street, New York 20, N.Y. 
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Why Chemico-built 
Plants are Profitable 


Improved Processes 


A chemical plant is only as good as the process it uses. 
Chemico originates, controls, and provides many of the 
most advanced processes and equipment . . . develops 
entirely new processes where necessary. 


Individually Designed 


Chemico-built plants are designed to meet each client’s 
requirements. Capacity, type of raw material, available 
utilities, location, space limitations . . . all are considered. 


Economical Use of Manpower 


Automatic operation, centralized control, efficient plant 
layout . . . reduce manpower requirements and make 
more productive use of every man-hour. 


Minimum Maintenance 


Maintenance problems are simplified through the use 
of carefully selected equipment and improved processes, 
and careful layout of the plant. Repairs are never “hard 
to get at.” 


Experience 


Chemico designs and builds many kinds of heavy-chem- 
ical plants . . . has been doing this for 34 years. Over 600 
installations the world over are evidence of Chemico’s 
Successful experience. 





Septen -r, 1948 Process Handbook Edition 





CHEMICAL CONSTRUCTION CORPORATION 


EMPIRE STATE BLDG., 350 FIFTH AVENUE, NEW YORK 1, N. Y. 


EUROPEAN TECHNICAL REPRESENTATIVE 
CYANAMID PRODUCTS, LTD., BRETTENHAM HOUSE, LANCASTER PLACE, LONDON W, C. 2, ENGLAND 


EUROPEAN LICENSEE OF N. E. C. PROCESS 
HYDRO-NITRO S. A., 8 QUAI DO CHEVAL BLANC, GENEVA, SWITZERLAND 


CABLES: CHEMICONST, NEW YORK 


“Chemuo plants are profitable investments” 
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Tannin-Solutizer Process 





SHELL DEVELOPMENT COMPANY 


en cise in removal processes in general may 
be classified into two types: those that effect sweet- 
ening by conversion of the mercaptans to other sul- 
fur compounds, usually disulfides, and thereby result 
in little, if any, reduction in sulfur content; and those 
that achieve a physical or chemical removal of the 
mercaptans and substantially an equivalent reduction 
in the total sulfur content of the hydrocarbon treated. 
The Tannin-Solutizer Process is a member of this 
latter group, and thus obtains the product improve- 
ment and increase in octane number and lead sus- 
ceptibility to be derived from sulfur reduction. The 
process obtains this objective by addition of a simple 
and efficient tannin-catalyzed oxidation regeneration 
step to a mercaptan extraction operation employing 
strong caustic solutions containing mercaptan solu- 
bility promoters, termed “solutizers,” such as isobu- 
tyric acid and/or alkyl phenols. 

The process, as illustrated in the flow diagram, 
consists essentially of three sections: the caustic pre- 
treat, solutizer treatment, and regeneration system. 
Caustic pretreatment usually is required for removal 
of strongly acidic components, such as hydrogen sul- 
fide, and in some cases for control of alkyl phenol 
concentration. A single conventional mixer-settler 
contact stage is normally satisfactory for this pur- 
pose, and the caustic solution may be used until es- 
sentially saturated. 

After pretreatment the sour hydrocarbon feed 
enters the extraction system in which it is counter- 
currently contacted with a suitable solutizer solution. 
The solution may contain added isobutyric acid solu- 
tizer, or naturally occurring alkyl phenols may be 
utilized for this purpose if their concentration is suf- 
ficient in the hydrocarbon fraction to be treated to 
maintain the required solutizer strength in the treat- 
ing solution. Since only a nominal concentration of 
alkyl phenols in the gasoline is necessary for this 
purpose, most plants are self-sufficient and solution 
costs are exceedingly low. The extraction equipment 
may be composed of mixer-settler stages, such as the 
typical three-stage system shown on the flow dia- 
gram, or other suitable contacting equipment such 
as towers packed with Raschig rings or of perforated 
tray design. The sweetened hydrocarbon flows from 
the extraction system to storage or subsequent oper- 
ations. 

Treating solution from the extraction step is pre- 
heated to a temperature of 110-130° F. and flows to 
the regeneration column in which the extracted mer- 


captans are catalytically oxidized to the correspond- 
ing disulfides by air blowing. This operation may be 
accomplished in a column devoid of packing equipped 
with efficient air dispersers or in any standard liquid- 
gas mixing device. The regenerated solution is co- 
alesced for removal of entrained disulfide oil and the 
portion of this material remaining in solution is re- 
moved by a simple countercurrent or batch naphtha- 
wash step. The naphtha requirements for virtual 
elimination of disulfides from the lean treating solu- 
tion are small, amounting in volume to only 1 to 2 
percent of the hydrocarbon-treating rate, and may be 
disposed of in third-grade fuel or added to reforming 
or cracking stock for conversion of the disulfides to 
hydrogen sulfide. The lean solution then is cooled 
and returned to the extraction system, thus complet- 
ing the cycle. 

Additional equipment consists of coalescers appro- 
priately located to safeguard against entrainment of 
hydrocarbon or solution and a filter to prevent accu- 
mulation of possible side products of oxidation and 
extraneous material in the treating solution. 

This process easily achieves mercaptan removal to 
the “odor sweet” 0.001 to 0.003 weight-percent mer- 
captan sulfur level when treating a wide range of 
straight-run or cracked stocks, either low-end-point 
or full-boiling-range gasolines, having a naphthenic 
or paraffinic crude source. Mercaptan reduction to 
the doctor-negative specification may be obtained in 
many cases by means of more stringent operating 
conditions and increased number of extraction stages. 
The process is characterized by a simple and flexible 
design which is particularly readily adaptable to util- 
ization of existing equipment; and, due to the low 
operating temperatures and non-corrosive nature of 
the treating solution, no corrosion-resistant metals 
are required. Simplicity of operation and adaptability 
to virtually complete automatic control results in 
low labor costs, and the inexpensive solution has im 
definite treating life so that chemical cost is nominal. 
The limited heating requirements may be fulfilled 
by exhaust steam. The profitability gained from the 
saving in TEL resulting from the sulfur removal in 
most cases exceeds this low overall operating cost, 
so that an early payout of the original capital invest 
ment of an installation is realized. . 

The Tannin-Solutizer Process is licensed by Shell 
Development Company under patents of Socony- 
Vacuum Oil Company and Shell Development 
Company. 
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Unisol Mercaptan Extraction Process 








UNIVERSAL OIL PRODUCTS COMPANY 


Fon many years petroleum process development 
touched only lightly on gasoline treating methods. 
Within the last few years demand for higher octane 
numbers and increasing use of high sulfur crudes has 
focused attention on this problem. Removal of sulfur 
compounds from gasoline gives marked improvement 
in tetraethyl lead susceptibility, although the un- 
leaded octane number may improve only slightly. 
Conventional gasoline-sweetening processes convert 
malodorous mercaptan sulfur compounds to corre- 
sponding alkyl disulfides without reducing sulfur 
content. 

The Unisol process was developed to extract mer- 
captan compounds from gasoline, thereby accom- 
plishing the purpose of conventional sweetening and 
at the same time improving tetraethy] lead suscepti- 
bility by removal of the sulfur associated with the 
mercaptan. Conventional sweetening never improves 
octane number and often reduces it, particularly with 
high mercaptan stocks, making sweetening a non- 
profitable operation. Unisol, on the other hand, gen- 
erally shows a rapid return on the investment through 
improved product quality and tetraethyl lead sav- 
ings. The process is the culmination of years of 
large-scale pilot-plant development work by The 
Atlantic Refining Company. It is licensed by Uni- 
versal Oil Products Company. 

The Unisol process is based upon the large increase 
in solubility of mercaptans in caustic soda solutions 
when an organic solvent, methyl alcohol, is present. 

Hydrogen sulfide-free gasoline is introduced to the 
bottom of an extraction column and has mercaptan 
extracted from it as it flows upward in countercur- 
rent contact with an aqueous solution of methanol 
and caustic soda. The caustic solution is introduced 
at the top of the extractor and methanol near the 
mid-point. Above the methanol inlet the caustic 
solution extracts any methanol dissolved by the gaso- 
line from the caustic- methanol solution. Treated 
gasoline is removed from the top of the extractor 
and sent to storage without any subsequent treating 
except addition of inhibitor. The fat caustic-methanol 
solution containing extracted mercaptan is removed 
from the bottom of the extraction column from 
whence it is charged to a column in which the 
methanol and mercaptan are stripped from the caustic 
solution. Regenerated caustic solution is recovered 
fromgthe bottom of this column for reuse. From the 
top of the stripping column, stream-methanol-mer- 





captan vapors go to a condenser and then to a men 
captan separator from which the extracted mercap 
tans are decanted from the system. Aqueous meth 
anol solution is charged from the mercaptan separa- 
tor to a fractionating column from which methanol 
is recovered for reuse as an overhead product. _ 

The process is outstanding in its simplicity, low 
cost and effectiveness. Mercaptan reduction of better 
than 99 percent is readily accomplished. Commercial 
units are operating profitably on gasolines containing 
as low as 0.013 and as high as 0.25 percent mercaptan 
sulfur. Octane number improvements at the 3-ce 
tetraethyl-lead level, range from 1 to 3 or more on 
the commercial units, depending on mercaptan-sulfur 
content of the untreated gasoline. 

The treated product as it comes from the unit usw 
ally is sweet or nearly sweet. In almost all cases the 
product is completely sweet after a few days im 
storage. 

The process is noteworthy in its ability to com 
trol the gasoline-phenol content. Phenols can_be left 
in the gasoline or can be almost completely removed 
as a concentrated sodium phenolate solution contain- 
ing substantially no free sodium hydroxide. 

In comparisons of the properties of Unisol-treated 
gasoline with the raw gasoline or with the product 
obtained by conventional sweetening, it generally is 
found that Unisol treating improves inhibitor sus 
ceptibility, lowers ASTM gum, and that copper-dish 
gums after inhibiting are considerably lower. 

The ability of the process to extract mercaptans 
with a circulation of only 3-5 percent caustic-meth 
anol keeps chemical consumption, pumping and util 
ity costs for regeneration of reagents low. Combined 
chemical and utility costs average about 1 to 1% 
cents per barrel treated for most gasolines. 

The possibility of a return on the investment 
usually makes Unisol treating more attractive 
install than a conventional sweetening unit. Many 
gasolines contain more mercaptan than a convel- 
tional sweetening unit will successfully handle, mak 
ing it necessary to remove part of the mercaptan by 
regenerative caustic extraction. In these cases @ 
Unisol unit will cost no more to install than the 
combined caustic extraction plus sweetening units. 

Many Unisol units ranging in designed capacity 
from 500 to 25,000 barrels per day now are operating 
and amply paying their way in improved produtt 
quality and reduced tetraethyl lead requirements. 
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TURBINES 


Interchangeable, corrosion-resistant parts — 
; positive emergency speed control — spray- 
t tai Pe coated journals—center-line bearing supports 
MOTORS GENERATORS —vital parts sealed—five sizes—eight types, 
Elliott Fabri-Steel oall-welded construction Elliott Fabri-Steel construction, 
— split-sleeve bearings — uniform air with refinements in details, insure 
gap — directed ventilation. Two-pole, maximum performance in teaming 
for pipe lines and general service. up with gas or Diesel engines. 


EJECTORS STRAINERS 


For water and oil ser 
vice. Twin strainers, sing 
self-cleaning 


water strainers, motor-drive® 


Elliott steam jet ejectors, with 
barometric condensers, for eco- 
nomically maintained vacuum strainers, 
on large refinery units. 
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ELLIOTT ‘COMPANY JEAN! 





BLOWERS 


Multi-stage, single-stage, turbine or motor driven. "4 
For non-stop operation as gas boosters — for cat 4 . J — isi 
crackers—absorption processes—sulphuric acid plants 


—asphalt plants — oxygen and synthesis plants. TUBE CLEANERS TURBOCHARGERS 


Tube cleaning equipment that turns Elliott-Buchi turbochargers are everywhere 
“Down time’ into “Quick time”, for boosting Diesel power, and saving fuel. Ex- 
every tube or pipe that must be c!eaned haust gases provide power—no additional 
— backed by 50 years’ experience engine power required—fully automatic. For 
in solving tube cleaning problems. four-cycle Diesel engines, 250 hp and larger. 
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TURBINE-GENERATORS CONDENSERS DEAERATING HEATER 


Surface and barometric con- Applying principles developed by 
densers in capacities as required Elliott in pioneering deaeration, deliver. 
in oil industry power plants. ing oxygen-free boiler feed water. 


Both turbine and generator 
designed and built together 
— @ complete Elliott unit. 
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Copper Sweetening Process 





PHILLIPS PETROLEUM COMPANY 


Vamous methods of treating gasolines with rea- 
gents comprising compounds of copper have been 
suggested for many years. Phillips Petroleum Com- 
pany, through licensing activities of the Perco Divi- 
sion, Bartlesville, Oklahoma, has made available cop- 
per sweetening processes used by over 100 refineries 
and casdline plantsyin the United States, and units 
are in use in Canada, South America, Europe and 
Africa. 

These processes take advantage of the oxidation of 
mercaptans by cupric chloride, and the subsequent 
regeneration of the cuprous chloride with oxygen as 
shown by the equations: 








(2) 2 CuCl 2HCl 
Cuprous + Hydrochloric +t. 
Chloride Acid 


+ (2) 2 RSH 4 
Mercaptan 










1/2 Or 


(1) 
Oxygen 





As shown by the equations, one of the advantages of these 
processes is the theoretical absence of chemical consumption 
in the sweetening step. In practice it is necessary only to 
make up mechanical losses of the treating solution. Other 
operating charges are reduced, particularly labor costs, be- 
cause of the simplicity of the method. 

The elimination of gasoline loss, due to treating in 
a closed system and complete separation from the 
treating solution, contributes substantial savings. 
Probably the most important item is the improve- 
ment in quality of the copper-treated product. The 
product is also more responsive to gum inhibitors. 
The product is unusually stable when exposed to 
sunlight, with respect to both color and to corrosion 
test. Copper sweetening can form only the disulfides, 
since no additional inorganic sulfur is present in any 
form during the reaction. In the treatment the sulfur 
content is, of course, unchanged. 

The Perco processes are applicable to any stock 
requiring sweetening and are especially suitable for 
those of a very sour nature since these are handled 
with only a slightly higher cost due to increased air 
requirements. This method of sweetening is applied 
in two ways; if the stock to be treated is sufficiently 
stable to color and gum when treated in presence of 
air, it is mixed with the necessary air and percolated 
through a bed of absorbent material impregnated 
with the copper reagent; other stocks are continu- 
ously treated with the copper solution in the absence 
of air and the copper regenerated in a separate tank. 
The oxidizing power of the solution is controlled 
to prevent side reactions with unstable hydrocarbon 
constituents. Stocks treated with the copper solution 
are given a final sodium sulfide wash to give color 
and gum stability, by removing minute traces of cop- 
per which may be present in the treated oil. 


260 










Oxygen 











The simplified flow diagrams illustrate the two 
methods. In either process, if the gasoline to be sweet- 
ened contains hydrogen sulfide, this component is 
removed by a caustic-washing step prior to the 
sweetening operations. Likewise, if free sulphur is 
present in the stock, this compound is removed by a 
caustic-polysulfide treatment prior to the sweetening 
operation. If hydrogen sulfide and free sulphur are 
not present, these steps may be omitted. 


In the Perco solution process, the gasoline is con- 
tinuously treated by contacting with the treating 
solution in a centrifugal pump. The mixture of copper 
solution and sweetened gasoline passes to a separat- 











(1) 2 RSH 2 CuCl RSSR 2 CuCl 2 HCl 
Mercaptan + Cupric - Disulfide + Cuprous + Hydrochloric 
Chloride Chloride Acid 





H:O 
+ Water 


1/2 O: 2CuCl: 
— Cupric 


Chloride 
we 





H:0 
Water 


RSSR 
Disulfide 





ing tank, from which the used copper solution is con- 
tinuously withdrawn to the regenerating tank where 
it is regenerated with a controlled amount of air to 
give the desired oxidation potential, The maximum 
efficiency of the air is obtained by diffusers, as illus- 
trated. The regenerated copper solution overflows to 
a solution-storage tank and is then recycled to the 
treating step. The sweetened gasoline is continuously 
withdrawn from the top of the separating tank and 
is given the final stabilizing wash, settled, and passed 
to finished storage. In the solid process, the feed, free 
of hydrogen sulfide, is mixed with a predetermined 
quantity of air, which is dissolved in the gasoline, 
percolated through the reagent and passed to finished 
storage. 

In the Perco solution process all equipment in con- 
tact with the copper solution is constructed of corro- 
sion-resisting material, as the solution is corrosive to 
iron or steel. In the solid process ordinary materials 
are used throughout. 

Due to compactness of equipment and relatively 
small size for a given throughput, the installation 
costs are low. 

The following example of liquid treatment of 4 
cracked distillate having a 170-400° F. boiling range 
and 53° API gravity is typical of results obtained m 
comparison to doctor treating. 




















Doctor Perco 
Sour Treated Treated 
Color, Saybolt...... +2 —5 +2 
Octane Number: 
Without Lead. ... 62.9 61.9 62.9 
+lcec TEL...... 68.5 67.8 68.5 
+2cc TEL.... 71.7 71.0 1.7 
Induction Period, Min.: 
Without Inhibitor... 130 130 0 
With 0.002 Percent Inhibitor 320 190 iio 
With 0.004 Percent Inhibitor 485 305 640 
\STM Gum.... : a 2.6 0.4 0.0 
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Clay Treating Process 





TEXACO DEVELOPMENT CORPORATION 


as Process, named after its inventor, the late 
T. T. Gray, was first put into commercial operation in 
1924 at Barnsdall, Oklahoma. The licensed Gray 
“clay treating” process is used in treating gasoline pro- 
duced by various cracking, reforming, and polymeri- 
zation processes. These Gray towers have treated the 
product of Cross, de Florez, Dubbs, Gyro, Holmes- 
Manley, Tank & Tube, Combination Units and 
others, from variegated charging stocks ranging 
from Pennsylvania gas oil to naphthenic base crudes. 

The process is based on the selective polymeriza- 
tion of the unstable, unsaturated hydrocarbons result- 
ing from pyrolysis. The gum forming and other ob- 
jectionable properties of the gasoline are eliminated, 
while the desirable constituents pass through the 
process unchanged. The result is that treating losses 
are reduced to the vanishing point, with the octane 
number of the gasoline being processed unchanged. 
Most Gray installations are made in direct connec- 
tion with the cracking unit whereby the rerunning 
step is eliminated and a treated gasoline is produced 
directly at the cracking plant. Vapors to be treated 
are passed through fuller’s earth or similar adsorbent 
material, and the unstable unsaturated hydrocarbons 
are thereby polymerized into higher boiling com- 
pounds which are separated from the treated gaso- 
line by virtue of their higher boiling point. 

Treating costs are low. Operating costs are often 
only a fraction of a cent per barrel. No added labor is 
required and 3,000 to 30,000 barrels of gasoline have 
been treated per ton of clay before replacement or 
revivification is required. 

The apparatus required is simple. Fuller’s earth 
(usually 30-60 mesh) is charged to one or more of the 
treating towers (polymerizers) through which the 
vapors are passed. The greater part of the polymers 
formed separate from the vapors in the tower, and 
any remaining polymers may be removed by a de- 
phlegmating or fractionating step before condensa- 
tion of the treated vapors. Division of the fuller’s 
earth into a series of beds gives better results than 
where the clay is used in one bed. However, except in 
eases where extremely low gum is required, a single 
treating tower is ordinarily sufficient. The flow dia- 
gram presented on the opposite page shows a typical 
arrangement where two polymerizers are employed. 
The towers are so manifolded that either can be 


tw 
o 
i) 


used first, or, if desired, they can be used in parallel, 

The polymerizers are usually operated at the con- 
densing pressure of the distillation unit to which they 
are connected. It has been found that the higher the 
pressure, the greater the throughput per ton of clay, 
all other things being equal. Commercial units have 
been successfully operated at pressures as high as 
375 to 400 pounds. 

The quality of gasoline made during a run is quite 
uniform, since the decline in activity of the clay is 
gradual. Often, the activity of the treating material 
can be effectively prolonged by passing steam or a 
gasoline spray through the treating towers for a short 
time. Plants operate 90 days or longer between 
changes of clay. 

Following are results obtained in a typical installa- 
tion : 


RESULTS ON REFINING A HOLMES-MANLEY 
CRACKED GASOLINE FROM KENTUCKY 


CRUDE 
Concking Pinat ...2ccccccses Holmes-Manley Redistilled 
Circulation 
CHRO cin cccnccctcscetest Topped Kentucky Somerset 


Crude (Gravity 28.4° API) 
Clean Oil Transfer Temp. . .965-980° F. 
Two Gray Towers in series. .174 Ibs. pressure top Ist Tower 
BIOS. CE Gis vcccccevceses Olmstead 
Throughput when sampled. .3627 barrels per ton 


Tests on Gasoline: 
61.7°F. API Color-Saybolt 30+ 


GOP kc ed cccccccccocces 
Distillation: IBP.......cese- 84°F. Octane 78-77 
EES 124°F. 
a eee 
aa - 230°F 
ENE 357°F 
a 396° F 
Doctor 
Gum Tests: Sweetened 
Copper Dish (mg./100 ml.)...........000eeeeeeees 3 
Oxygen Bomb: Induction Period (hrs.)........... 2% 
Storage Behavior of Gasoline (Doctor 
Sweetened Samples): 
I, SE os oc. cuba vandcpnd wands 4 1 2 3 
Copper Dish Gum (mg./100 ml.)........ 2 2 4 
MIE isco snckasonncevevdaeds +30 +29 +2 


Note the low copper dish gum test and good storage 
behavior. 

The Gray Clay Treating Process is licensed by 
The Gray Processes Corporation, 26 Journal Square, 


Jersey City, New Jersey. 


Petroleum Refiner—V ol. 27, \ 0. 9.2 





Se; 














VAPOR LINE TO GRAY T 
a 











A 
™ 


+ = = 
TO FLASH CHAMBER 
. VAPORIZER 


FLOW DIAGRAM 
SHOWING SERIES PARALLEL ARRANGEMENT 
OF GRAY TOWERS 











, 1948—Process Handbook Edition 











— 


Catalytic Desulfurization Process 





PHILLIPS PETROLEUM COMPANY 


‘Bon Perco Catalytic Desulfurization Process de- 
veloped by the Phillips Petroleum Company, Bartles- 
ville, Oklahoma, is available to the industry through 
the Perco Division. The process provides an economi- 
cal means of removing, in general, 40-60 percent of 
the sulfur content of cracked gasolines, 60-98 percent 
from straight-run gasolines, and 90-100 percent from 
natural gasolines. The types of sulfur compounds 
removed by the process include mercaptans, sulfides, 
and disulfides, while the cyclic compounds are not 
greatly affected, The variation in quantity of cyclic 
compounds present in the above mentioned types of 
gasoline accounts for the differences in reduction of 
total sulfur content. 

It is well recognized now that sulfur compounds 
in motor fuels have a marked effect on the response 
of tetraethyl lead, even in fuels containing less than 
0.05 percent sulfur. Basically, Perco Catalytic De- 
sulfurization results not only in “desulfurization” 
but also in a “catalytic” effect resulting in octane 
and TEL response improvement not otherwise ob- 
tained merely by sulfur removal by conventional 
means. In many cases other important benefits are 
realized such as improvement in odor, improvement 
in product stability with respect to gums and color 
as well as reduction in corrosion to process and 
storage facilities. 

Catalytic desulfurization is particularly applicable 
for improving the quality of naphthas to be used in 
the manufacture of high-octane aviation gasolines. 
Substantially complete desulfurization, as obtained in 
this process, is required for maximum response to 
tetraethy! lead. 

As shown in the accompanying flow sheet, the 
feed is usually vaporized by heat exchange with the 
product leaving the catalyst tower, and then super- 
heated to a temperature in the neighborhood of 750° 
F. The superheated vapors are passed through the 
catalyst bed, at fifty pounds pressure or less, where 
organic sulfur compounds are decomposed to hydro- 
gen sulfide. The flow rate may range from 100 to 300 
barrels of liquid feed stock per ton of catalyst per 
day. After cooling and condensing the product, the 
hydrogen sulfide is removed by whatever means is 
most applicable in the particular instance, such as 
fractionation or chemical treatment or a combina- 
tion of both. 

Operating cycles up to 30 days or more for a 
charge of catalyst are obtained on many gasolines. 
Catalyst cost is in the order of one cent per barrel 
of gasoline treated. 

The treatment of cracked gasolines or blends con- 
taining cracked gasolines tends to deactivate the 
catalyst, Auxiliary equipment is provided for catalyst 
regeneration, which is accomplished by charging to 
the alternate chamber a stream of low-pressure air to 
burn off the carbonaceous matter. The air is admixed 
with a predetermined quantity of steam superheated 
to give a temperature of approximately 750° F. for 
the air-steam mixture entering the reactor on re- 
generation. 
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The rugged catalyst employed in the process can 
be regenerated an indefinite number of times without 
appreciable impairment of its activity. There is sub- 
stantially no loss of hydrocarbons involved in the 
desulfurization treatment. 

Several typical examples of the effects of catalytic 
desulfurization on lead response are shown in the 
accompanying tables for various types of gasoline. 

CRACKED GASOLINE 
56° API Gravity; 9-Lb. R.V.P.; 420° F. E.P. 











Undesulfurized | Desulfurized 
ASTM Octane No. . : apt 65.7 69.1 
+1 cc TEL. ; ‘ . 70.0 75.8 
+2 cc TEL ; 72.4 78.0 
+3 cc TEL 74.5 79.8 
Total Sulfur 0.140 0.076 
Mercaptan Sulfur. . . 0.062 0.003 

















STRAIGHT RUN NAPHTHA 
50° API Gravity; 3-Lb. RVP; 440° F. £.P. 











Undesulfurized | Desulfurized 
ASTM Octane No. i ; 45.4 49.6 
+1 cc TEL eae a 52.0 59.8 
+2 cc TEL ; aa 56.6 66.8 
ae 59.8 70.5 
Total Sulfur... .. 0.323 0.053 
Mercaptan Sulfur 0.119 0.002 














STRAIGHT RUN GASOLINE 
58° API Gravity; 6-Lb. R.V.P.; 400° F. E.P. 

















Undesulfurized | Desulfurized 
ASTM Octane No. 53.8 57.8 
+1 cc TEL 59.2 68.9 
+2 cc TEL . 63.0 74.1 
+3 cc TEL...... 65.9 77.4 
Total Sulfur oe Sie Ke br a 0.309 0.017 
Mercaptan Sulfur........ Laeone ues 0.148 0.000 








STRAIGHT RUN GASOLINE 
64° API Gravity; 8-Lb. R.V.P.; 375° F. E.P. 














| Undesulfurized | Desulfurized 
ASTM Octane No. ened : 58.5 60.8 
+1 cc TEL.... bi 65.4 72.8 
+2 cc TEL =“ ie 69.4 78.5 
+3 cc TEL afi re 72.2 81.5 
Total Sulfur a ee ae 0.143 0.005 
Mercaptan Sulfur.... ie 0.067 0.001 











CRACKED-STRAIGHT RUN-POLY GASOLINE 
66.2° API Gravity; 9.9 R.V.P. 355° F. E.P. 


—$—— 














| Undesulfurized | Desulfurized 

ASTM Octane No. 3 58.6 63.9 

+1lcc TEL... a 66.4 73.9 

+3 cc TEL a ; 73.1 79.0 
Research Octane No.... 61.4 67.2 

+1 cc TEL ae 70.0 76.6 

+3 cc TEL..... a 77.9 83.7 
Total Sulfur, Percent. . 0.088 0.024 
Mercaptan Sulfur, Percent 0.023 Sweet 














STRAIGHT RUN GASOLINE 
68.3° API Gravity; 12.4 R.V.P. 346° F. E.P. 














——— _— 
Undesulfurized | Desulfurized 
- dl 
ASTM Octane No. ~~ 44.8 46 8 
+1 ce TEL : / a 53.9 59.6 
+3 cc TEL..... 63.4 (1.0 
Total Sulfur, Percent ; 0.056 0.005 
Mercaptan Sulfur, Percent 0.024 0.003 
————— 
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Catalytic Desulfurization Process 





TEXACO DEVELOPMENT CORPORATION 


‘Dex Gray catalytic desulfurization process, now 
commercially used for the elimination of both mer- 
captan and non-mercaptan sulfur compounds from 
lighter petroleum fractions, meets the need for a cata- 
lytic process utilizing a low-cost catalyst and ena- 
bling the employment of a highly selective procedure 
to minimize product losses through undesirable side 
effects. 

To accomplish the desulfurization, gasoline vapors 
are passed through a bed of the catalyst at an elevated 
temperature, the temperature dependent on the type 
of charge stock and the degree of effect desired. The 
pressure of operation, while usually of a low range, 
is sufficient to secure the desired flow of vapors 
through the process and auxiliary equipment. 

The catalyst used is of the solid adsorbent type, such as 
fuller’s earth and the like, which is low in cost and readily 
available from many widely spaced deposits in the United 
States, and therefore conveniently accessible to all refining 
centers in this country. It has been found that a wide selec- 
tion of effective clays can be used and several plants operat- 
ing the Gray catalytic desulfurization process are using differ- 
ent fuller’s earth, choice of clay being made after considera- 
tion of operating and economic factors. A flow diagram is 
shown. 

In the application of the process to straight-run gasoline 
(referring to the flow diagram), the desired fraction is heated 
to a temperature in the order of 700° F. in a furnace of 
simple design. The heated vapors pass through a bed of solid 


adsorbent catalyst at a flow rate dependent upon the 
character of the feed and nature of the sulfur compou 

wherein the conversion of mercaptan and non-mercaptan 
sulfur compounds takes place. The vapors leaving the 
catalyst chamber pass in heat exchange with the incoming 
gasoline and go then to a condenser and separator. A large 
part of the sulfur present in the original mercaptan and nom 
mercaptan sulfur compounds is converted to hydrogen 
sulfide, which is partially removed in the separator and the 
remainder removed by means of either a caustic wash or 
simple stabilization. One of the important economic factors 
realized as a result of application of this Gray process to 
straight-run gasoline is that, other than removal of hydrogen 
sulfide, no further treatment of the gasoline is required. 

The desulfurization of 100% cracked gasoline ordinarily 
requires that the gasoline be pre-treated by the conventional 
Gray treating process prior to desulfurization in order that 
the most economical catalyst life be realized. Catalyst yields 
here range upward of 1,200 bbls./ton. The use of the conven- 
tional Gray process prior to desulfurization can be addition. 
ally justified on the basis that it effects refining of the gaso- 
line by the removal of diolefins and thereby obviates the need 
for using inhibitors in the final product. 

Untreated cracked gasoline is being desulfurized in a 
commercial installation with substantial lead savings in the 
form of a 50-50 blend with straight-run gasoline. In this case 
the straight-run gasoline, as well as the cracked, has poor 
lead susceptibility, and both cracked and straight-run com- 
ponents are together improved by desulfurization treatment, 

Catalyst yields range from 800 to 1000 barrels per ton for 
this operation and the low cost of the fuller’s earth type 
catalyst used in the Gray desulfurization process makes it 
possible to realize substantial net savings over the cost of 
operation at these catalyst yields. 

Licensed by The Gray Processes Corporation, 26 Journal 
Square, Jersey City, New Jersey. 


Desulfurization of Various Gasolines 
































| | Desulf. of 50-50 Blend 
| of Untreated Cracked 
Desulf. of S. R. Desulf. of S. R. Desulf. of Gasoline and Straight 
| Gasoline from Gasoline from Gasoline from Run Gasoline from 
| New Mexico Crude** Michigan Crude** Illinois Crude** Michigan Cr 
HoS Free HoS Free HoS Free HoS Free HoS Free HoS Free HoS Free HoaS Free 
Charge Product Charge Product Charge Product Charge Product 
Gravity, A.P.I. ae oa 55.5 55.6 678 | 67.6 64.8 64.2 
Distillation: | 
Be «eke 115 114 98 98 132 131 98 100 
10 percent. . 169 173 135 | 134 188 187 136 140 
50 percent. . 266 261 218 | 216 263 261 228 230 
90 percent. . 387 397 290 | 286 349 348 320 330 
ote * arch re | 442 | 338 | 342 396 395 360 384 
ASTM Gum ; - : | 1 2 at ‘ ; ; 1.6 2.0 
| Percent | Percent Percent | Percent Percent Percent Percent Percent 
Total Sulfur. . . Ghacadel : 0.138 | 0.0280 0.053 | 0.005 0.038 0.006 0.105 0.042 
Mercaptan Sulfur............ 2 | 0.057 | 0.0017 0.018 0.0004 0.007 0.040 0.000 
Non-Mercaptan Sulfur (by diff.) 0.081 | 0.0263 0.035 0.0046 0.031 0.006 0.065 0.042 
ae it Positive Positive* Positive | Negative P ee Positive Negative 
ASTM Octane No 

Clear... 54.4 56.6 48.8 49.4 47.8 50.3 58.8 60.4 
Plus icc TEL.. ms ay ; 61.3 67.2 59.2 | 62.6 58.1 62.4 65.1 67.0 
Plus 2cc TEL.... a ¥ aa. ao 73.0 | 63.9 | 69.0 63.7 70.0 67.8 71.0 
Plus 3cc TEL... ai a : 69.4 | 77.2 | 67.0 } 73.1 68.0 74.0 70.3 74.3 

1939 Research Octane No. 
Se aa * oa 56.5 | 59.6 or Wh. 1 < wecdeek ) FF See sent 
ee NE Bilin. 6 0 « a ¥ : 63.4 | 68.7 ee con” 2 weesese. 2. ieee see 
Plus 2cc TEL... ‘ — “a 68.8 73.4 | ; ae ee ee, sees 
Plus 3cc TEL... - 71.5 | 76.9 ; ae ae ae a oon 
HR&G Lead Susceptibility. . 1.19 1.8 1.31 | 1.90 1.57 2.10 0.9 1.15 
Clear Octane Increase: 

RE cS va oc605 | 2.2 0.6 > a eee 1.6 

1 Se a ae 3.1 . ny ct: Lae vee 
TEL Required for 63 O.N..... : 2.35cc 1.35cc aa + he a 
TEL Required for 68 O.N....... pe a re 3.0 7... thee 
TEL Required for 69 O. N. ASTM. oid | 2.80cc 1.25c eh wer woes —-'. 1) eel eee 
TEL Required for 700.N......... s oe CEA, TR, ER e+ 3.0cc 1.6ce 
TEL Required for 70 O. N. (Extr.). Em 4.20cc ee” ES. eestor.” 2 ~wb% ead ee seeee 
TEL Required for 71 O. N. 1939 Res. . 2.70cc 1.40 fs Siesen. * DA eGacker. © | Ses weet: ae ‘san 
TEL Required for 72 O. N. (Extr.). CS PERE aa ee: Bee a 4.0cc 2 

| 
TEL Saving at 63 O. N........... RO oe limsne. “oO ote ee eee 
TEL Saving at 68O.N..... atic wis om eet IPG eee Ae... |B “heme 
TEL Saving at 69 O. N. ASTM............. ane 1.55¢ec D. ovenex (Bo? cencve 3. seeees, Ve | Sage 2 be 
Bees mavens OC 70 OLN... .. ccccccccccces. ae Oe. keen Te “eeneds. +E. basecc ok cee ce = eee 1. 
TEL Saving at 70 O. N. (Extr.)......... * he Pe eae fie * es Teer Ge scree a 
TEL Saving at 71 O. N. 1939 Res..... aie whee cs iN ys ae ae ee Eee eee Peo ee ee ‘ise 
TEL Saving at 72 O. N. (Extr.)........... AEN ere | fig SAE eee Pe eves’ ER igtakaa” “eoatldgl teen I 
—= 





























* Negative after Caustic Wash. 


** Catalyst Life Approximately 5.000 barrels per ton. 


*** Catalyst Life 800 barrels per ton. 
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Don’t penalize operating efficiency by 
deferring cleaning TOO LONG! 


When carbonized oil, sludge, wax, lime-scale, rust, slime and other deposits have com- 
pletely CLOGGED your shell and tube type equipment you are immediately confronted 
with a tough, time-consuming, expensive cleaning job to restore heat transfer. 





Scheduled Cleaning Saves Time and Money 


But there is an easy way you can avoid this situation. DON’T POSTPONE OR DEFER 
CLEANING TOO LONG! Instead, clean your heat exchange equipment on a regular 
periodic basis. Doing this saves time, cuts cleaning cost. Three effective Oakite cleaning 
methods are available to you for this important and continuing maintenance work: (1) 
Circulating method; (2) Tank method; (3) Steam cleaning method. Take advantage of 
specialized Oakite materials and long years of Oakite experience in helping other re- 
fineries set up this maintenance work on a planned schedule of cleaning because heat 
exchangers can then be cleaned FASTER, deposits removed EASIER and down-time 
considerably SHORTENED. 


Oakite Technical Service Is Nationwide 


Since Oakite Technical Service involves no cost or obligation write today and ask us to 
send you our free “88 Digest” describing heat exchanger cleaning and outlining many 
other applications of specialized Oakite materials in the petroleum industry. 


OAKITE PRODUCTS. INC., 508 Thames St, NEW YORK 6, N.Y. 
Technical Service Representatives in Principal Cities of U. S. & Canada 


OAKITE 


This 28-page Digest, based on the successful use of Oakite 
materials and methods in the producing, refining, and 
marketing divisions, describes 88 different maintenance 
cleaning jobs. Write for your free copy today. 


Petroleum Refiner—V ol. 27, \0 

































9.2 


Septen 


"Fa 1948- 





Gas Purification, 
Dehydration Processes 


D URING the last decade the tremendous increase in the consumption 
of natural gas as industrial and domestic fuel has resulted in the con- 
struction of many long distance gas transmission pipelines of large 
diameter. This demand for natural gas has drawn heavily on the readily 
available sweet gas production, and has forced the utilization of gases 
once rejected as unsuitable because of excessive hydrogen sulfide con- 
tamination. The same period has witnessed, also, the more general 
utilization of high sulfur crude oils for refinery feeds, and the more 
frequent presence of serious amounts of hydrogen sulfide in natural 
gasoline plant feeds. 


The large reserves of sour natural gases, the needs of process plant 
operators, plus excellent markets for all petroleum products, has focussed 
attention on processes for hydrogen sulfide removal. In these processes 
the resulting purified gas may have a hydrogen sulfide content at 
almost any specified level to suit the requirements of the specific appli- 
cation. Thus great volumes of gas formerly flared because of toxic and 
corrosive properties are now used, free of hydrogen sulfide, to alleviate 
fuel gas shortages in many parts of the nation and real savings are 
made in process plant maintenance costs. 


Dehydration of gases moved by long distance pipe lines is a necessity 
if efficient transmission is to be realized. The provision of equipment for 
the dehydration of the gas to prevent hydrate formation, water plugging, 
and corrosion in pipe lines is now accepted as standard design and 
is regarded almost as important as compressor stations. 


The separate processes for the dehydration and the desulfurization of 
sour gases through the use of liquid absorbents were developed hand-in- 
hand. In recent processes these steps have been merged for simultaneous 
operation. The absorbents used for desulfurization and removal of car- 
bon dioxide from sour gases have been combined with dehydration ab- 
sorbents to effect important savings in equipment investment and op- 
erating costs. 


Early dehydration plants mainly used a system by which solid desic- 
cant beds functioned to adsorb moisture from the gases treated. Such 
processes are still extensively used and have certain important ad- 
vantages. Regeneration of the adsorbent is accomplished in place by 
means of a stream of hot gases or air. Keen competition exists in the 
gas dehydration field between adsorption and absorption type processes 
in cases where gas purification is not a factor. Both systems require 
regeneration of the dehydrating material and have their individual 
merits and problems. 


Investment and operating costs of dehydration and purification proc- 
esses are not subject to easy generalization, due to variations in plant 
size, hydrocarbon composition of the gas to be treated, amounts of mois- 
ture and/or hydrogen sulfide content, pressure of the treated gas, utility 
costs, and factors of plant location with relation to other process facili- 
ties. Costs are usually modest when weighed against possible gains. 
Many purification plants are used as feed preparation units for refinery 
conversion processes, where the deleterious effects of hydrogen sulfide 
contaminants on a catalyst may be the major factor governing the in- 
stallation. Similarly, many gas dehydration units are used ahead of low 
temperature processing operations where the removal of substantially 
all moisture content is essential to the successful operation of the sub- 
squent process step. Whatever the reasons for the installation of specific 
plants, the development of such processes has had the very important 
result that nearly all available gas supplies, previously rejected for hydro- 
gen sulfide content, now can be used to good advantage. 
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Adsorptive Gas Dehydration Process 





HOUSTON OIL FIELD MATERIAL COMPANY 


() NE of the contributing factors in the increasing 
popularity of the adsorptive type drier is the simplic- 
ity of design and method of operation. The gas to be 
dried is passed through a vessel containing a gran- 
ular desiccant until the desiccant is saturated with 
moisture, then heating the desiccant to drive off the 
moisture, thus restoring it to its original condition. 

As shown in the diagram, wet gas is first passed 
through a separator at a controlled temperature and 
pressure to remove any liquid—oil, distillate or 
water—that may be present. This reduces the liquid 
load on the desiccant and also precludes the posst- 
bility of fouling it. 

The dehydration unit, being of the pressure differ- 
ential type, requires the use of pressure controlling 
equipment between the separator and the inlet mani- 
fold of the contactors. Diaphragm operated motor 
valves or adjustable chokes are used at this point. 
The volume of gas flowing through the unit is con- 
trolled here in conjunction with the pressure. 

The gas from the separator leaves the control point 
at a predetermined pressure and enters the contactor 
through the inlet manifold. The gas flows through 
the desiccant bed from the top of the contactor down- 
ward. The desiccant is supported by two or more 
trays with a free space between the beds for re- 
distribution to minimize the possibility of channeling. 

An activated bauxite is used, which is a porous, 
granular, industrial and laboratory drying agent for 
liquids and gases. It adsorbs water instantly, but is 
insoluble and will not swell, disintegrate in water, 
or appear wet at the end of the adsorptive part of a 
cycle. The granules are hard, neutral, stable, non- 
corrosive, and can be handled freely by hand without 
harm. Repeated regeneration does not change its 
composition. After contact with this desiccant, a gas 
may encounter extremely low temperatures without 
the formation of hydrates or condensation of water. 
With good regeneration and favorable operating con- 
ditions, even greater drying efficiency is obtainable. 
It has the ability to adsorb from twenty to twenty- 
five percent of its weight of water from gases before 
regeneration is necessary, 


From the desiccant bed in the contactor, the gag 
which is now dry, flows through the outlet manifold 
to the heat exchanger. The gas flows through the 
shell side of the exchanger for the purpose of cooling 
the regeneration gas which is passing through the 
tubes. From the exchanger the dry gas flows through 
the measuring station into the transmission line. 

Upstream from the pressure control point a portion 
of the gas is diverted from the main stream for regen- 
eration purposes. The pressure and quantity of this 
gas is controlled by means of a diaphragm operated 
valve or an adjustable choke. The gas flows from 
this control point to the heating unit where it is 
heated to a temperature of 400° F. This heated gas 
flows through the saturated desiccant bed from the 
bottom upward, revaporizing the liquid adsorbed and 
carrying it out of the contactor. Since the gas being 
dried flows through the desiccant bed from the top 
downward, the liquid content is higher in the top at 
the first point of contact. Therefore the flow of the 
regeneration gas is reversed, flowing through the bed 
from the bottom upward, carrying the revaporized 
liquid off the top. This method reduces the time nee- 
essary for regeneration, because the liquid does not 
have to be driven through the entire desiccant bed. 

When the regeneration gas leaves the contactor 
being dried, it passes through the tube side of the 
heat exchanger to be cooled by the cold gas in the 
shell. The cooled gas flows through a second separa 
tor to remove most of the liquid taken out of the 
contactor being dried. The gas from this separator 
is introduced into the main gas stream on the down 
stream side of the main pressure control point with 
sufficient pressure to force it into the stream, so that 
it can flow through the drying contactor with the 
wet gas and be fully dehydrated. This pressure i 
controlled at the control point in the regeneration 
line, 

Temperature controllers are located in the heated 
gas line at the outlet of the heater, and in the rf 
generation gas line at the outlet of the contactor, @ 
assure proper temperature control. A flow controller 
is located in the regeneration line. 


; : > we 
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Diethylene Glycol Gas Dehydration Process 





a gas normally contains a_ certain 
amount of water vapor. Unless the water content 


is reduced so that no condensation occurs under 
the conditions of temperature and pressure existing 
in natural gas transmission lines, operating difficul- 
ties are likely to develop. Moisture causes internal 
corrosion and rust accumulations. Water condensing 
at the low points in the transmission line must be 
drained off from time to time to prevent stoppage and 
freezing. In addition, at high pressures and in the 
presence of liquid water, solids known as natural gas 
hydrates may form, which resemble snow and build 
up in the line, seriously interfering with its capacity. 
At high pressures these hydrates may have melting 
points as high as 50-60° F. It is therefore apparent 
that atmospheric temperature conditions do not have 
to be particularly severe before difficulties may be 
encountered. 

For the above reasons it has been necessary to pro- 
vide for dehydrating natural gas to reduce the dew 
point before sending the gas through long high pres- 
sure transmission lines which are subjected to low 
atmospheric temperatures. Dehydration to a dew 
point below the minimum temperature to which the 
line will be subjected in the territory through which 
it passes has the following advantages: 

(1). Maintenance at all times of full line capacity 
which would otherwise be reduced due to the forma- 
tion of hydrates and water condensate. (2). Elimina- 
tion of the necessity of blowing the drips to remove 
condensate. (3). Elimination of regulator freeze-ups. 
(4). Reduction of internal corrosion of the pipe line. 

Natural gas dehydration is generally accomplished 
by contacting the gas with an hygroscopic liquid. 
Refrigerated calcium chloride water solutions have 
been used for this purpose. The cycle of operation 
when using diethylene glycol is basically the same 
as for brine. Dew point depressions up to 60° I. can 
be secured with concentrated diethylene glycol with- 
out refrigeration, which is necessary when corre- 
spondingly low depressions are to be secured with 
brine solutions. Refrigeration equipment materially 
increases plant investment. Diethylene glycol is not 
corrosive, and has a low freezing point so there is no 
possibility of solidification of the solution in the sys- 
tem. 


Properties of Diethylene Glycol 


Formula HOCH;CH:0CH:CH:0H 

Molecular Weight 106.08 

Boiling Point 244.5°C. (472.1°F.) 
—6.5°C 


Freezing Point 

Specific Gravity 

Weight Per Gallon 
Viscosity 

Vapor Pressure 

Specific Heat 

Latent Heat of Evaporation 


1.1185 20/20°C. 
9.308 Ib. 20°C. 

0.38 poises 20°C. 
0.015 mm. Hg 20°C. 
0.5509 20°C. 

150 cal./g. at B. P. 


Coefficient of Expansion (per °C.) 0.000635 at 20°C. 
0.000650 at 55°C. 






Operation of the plant, as shown in the flow dia. 
gram on the opposite page, is as follows: Cooled 
diethylene glycol containing a small amount (gen- 
erally less than 10 percent) of water depending on 
the final dew point desired is picked up from the 
solution storage tank (1) by a pump (2) capable of 
pumping against the pressure at which the gas is to 
be treated. The solution flows through a flow con. 
troller (3) which controls the speed of the pump and 
into the top of the tray type contactor (4). Gas 
enters the bottom of the contactor through a mist 
extractor to remove mineral seal oil, etc. The con- 
tactor is equipped with bubble cap trays, the solu- 
tion descending counter-current to the ascending nat- 
ural gas. The gas leaves the contactor through mist 
extractor (6) and outlet connection (7) into the 
transmission line. The solution which has absorbed 
water from the gas is collected on the chimney plate 
(8). The liquid level on the chimney plate is con- 
trolled by the flow controller (9) and flows into a 
vent tank (10) provided with a back pressure regu- 
lator (11) which maintains sufficient pressure in the 
vent tank to force the liquid through the heat ex- 
changers (12) and the reflux condenser (12-A) into 
the top of the still (13). Natural gas released in (10) 
is vented through the vent gas outlet. 

Glycol solution passes through the reflux con 
denser (12-A) into the still through valves 14, 15 or 
16 as desired, generally through one of the lower 


openings. The solution flows down over bubble cap 
trays in the still column and into the lower portion 
of the re-boiler (17) where it is heated by closed 


steam coils and is returned to the kettle (18) in the 
lower part of the still. Water remaining in the heat 
ed solution is vaporized in the kettle and passes 
through the bubble cap trays of the still column 
This serves to heat the descending solution and sepa 
rates the diethylene glycol from the water vapor, 
thus eliminating loss of diethylene glycol in the still. 
Any natural gas or uncondensed water vapor in the 
reflux condenser (12-A) are vented through the back 
pressure valve (20). Excess condensate in the reflux 
condenser is drained through the condensate line t0 
the sewer. The solution in the kettle (18) having 
been substantially denuded of water passes thro 
the heat exchangers (12) in counter-current relation 
to the weak solution from the vent tank, and thence 
through a cooler (19) to storage tank (1). Replace 
ment solution is added to the system when neces 
sary, at this point. The cycle of operation descrfi 

is continuous. 

In commercial plants the total over-all loss of 
diethylene glycol averages .05 gallons per million 
cubic feet measured at atmospheric pressure. 

Diethylene glycol is manufactured by the Carbide 
and Carbon Chemicals Corporation, 30 East 42nd 
Street, New York, N. Y. 
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Girbotol Process 








THE GIRDLER CORPORATION 


aus Girbotol Process (patented) for the separation 
of acidic constituents from gaseous and liquid mix- 
tures, is widely used for purification of gases and 
liquids in the petroleum industry. The process is em- 
ployed for removal and recovery of hydrogen sulfide 
from natural and refinery gases, for simultaneous de- 


sulfurization and dehydration of natural gas, for’ 


purification of liquid hydrocarbons, and for separation 
of carbon dioxide from hydrogen used for hydrogena- 
tion of oil and synthesis of iso-octane. 

Operation of the Girbotol Process is based upon 
the discovery that aliphatic amines have a strong 
affinity for acid gases such as hydrogen sulphide and 
carbon dioxide at or near atmospheric temperature, 
but at higher temperatures the affinity drops off 
rapidly and the gas is expelled. The process operates 
in a continuous cycle, absorbing acid gas from a gas 
stream at atmospheric temperature and expelling it 
at another point by raising the temperature of the 
absorbent. Because the amines are strong bases, 
freely soluble in water, large volumes of acid gas 
may be removed per volume of solution circulated. 
The efficiency of the process is therefore high. 
Hydrogen sulphide is recovered in concentrated form. 

The cycle and equipment employed in the process 
are almost identical with those of a gasoline absorp- 
tion plant (see flow chart). Gas to be treated flows up 
through a bubble tower or absorber. Amine solution, 
at atmospheric temperature, enters the absorber and 
flows down the tower from tray to tray picking up 
the acid gas. Purified gas leaves the absorber at 
the top. 

Amine solution, saturated with acid gas, passes 
through heat exchangers, where its temperature is 
raised to 190-200° F., and into the upper part of the 


reactivator, which also consists of a bubble tower, 
containing in its base a tubular reboiler section and 
at the top a reflux condenser. The amine solution, 
flowing down the tower, is heated to 215-220° F. by 
steam rising from the boiling solution in the reboiler 
section; and the acid gas is expelled and flushed out 
by ascending vapors. The acid gas leaves the re- 
activator saturated with water vapor at 190-200° F. 
and flows through the condenser where it is cooled by 
water and the steam condensed. The condensate is 
returned to the reactivator. Hot, lean solution, 
stripped of acid gas flows from the base of the re- 
activator to a pump, thence through the exchangers 
in counter current relation to the cold, rich solution. 
From the exchangers the solution passes through 
water coolers, and finally back to the top of the ab- 
sorber. The plant is entirely automatic in operation, 
requiring only casual supervision. 

Desulphurization — Separation of hydrogen  sul- 
phide from hydrocarbon gases is accomplished as 
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described above. The gases may be treated at high 
or low pressure with equal success, but gas under 
pressure is purified more economically — because 
smaller towers are required and larger volumes of 
hydrogen sulphide are removed per gallon of solution 
circulated. The process is well adapted for purifying 
gas containing a high percentage of hydrogen sul- 
phide. The rate of reaction in the absorption stage is 
so rapid that complete stripping may be obtained in 
a single tower. Because an aqueous absorbing solu- 
tion is employed, practically no hydrocarbon constitu- 
ents are removed from the gas if the physical condi- 
tions of temperature and pressure are controlled. This 
makes it possible to apply the process for the purifica- 
tion of wet gas before the extraction of gasoline and 
results in lower subsequent treating costs to purify 
the gasoline. 

The Girbotol Process is useful for the purification 
of gaseous feed to a polymerization plant. Unless the 
poly feed is substantially free of hydrogen sulphide, 
mercaptans and other sulfur compounds formed dur- 
ing polymerization must be removed from the poly 
product. Such after-treatment is expensive and dam- 
aging to the octane number and the blending value 
of the poly product. The poly feed may be purified 
with the Girbotol Process at any temperatures up t0 
180° F. 

Dehydration and Desulphurization—In several 
Girbotol plants purifying natural gas for pipe line 
distribution, simultaneous dehydration of the gas 1s 
accomplished bv employing a dehydrating liquid such 
as diethylene glycol in solution with the Girbotol 
absorbent. H,S and water are both scrubbed from the 
gas, and expelled together from the Girbotol rt 
activator, the H,S assisting in carrying the excess 
water from the tower. 

It is thus possible to sweeten sour natural gas and 
dry it in a single, simple plant. Such gas is being dis- 
tributed through pipe lines to domestic and indus 
customers. without troubles from pipe line freeze-ups 

Desulphurization of Liquid Hydrocarbons—The t 
moval of hydrogen sulphide from liquid hydrocarbons, 
such as propane, butane, and gasoline, is being ca 
out successfully in a number of Girbotol plants. Packed 
towers are used for contacting the liquid streams, W 
the amine solutions are reactivated in the usual manner, 

Carbon Dioxide Removal from Hydrogen—The Hy 
girtol Process for the production of high-purity hydro- 
gen from hydrocarbons and steam utilizes the Gir 
process for the removal of carbon dioxide from hydro- 
gen. The Girbotol process is the only cyclic process ® 
commercial use for effecting complete removal of ca 
dioxide from other gases‘at or near atmospheric pre 
sure. 

This information is presented through cooperation of 
The Girdler Corporation, Louisville, Kentucky, own 
and licensor of the Girbotol Process. 
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Glycol-amine Gas-Treating Process 





THE FLUOR CORPORATION, LTD. 


; == glycol-amine process for the purification and 
dehydration of a gas represents a continuous opera- 
tion of two established processes. Aqueous solutions 
of the ethanolamines are capable of absorbing CO, 
and H,S at atmospheric temperatures. When the 
solutions containing the acidic constituents are heat- 
ed to their boiling points, these components are ex- 
pelled from the solution. Similar use of diethylene 
glycol in the removal of water vapor from a gas 
stream led to a study for the combination of these 
two processes for the purification and dehydration 
in one unit. 

The combination of these two principles as devel- 
oped by The Fluor Corporation, Ltd., provides a 
process for simultaneous acid gas removal and dehy- 
dration, wherein the ethanolamine and diethylene 
glycol are included in the same solution. However, 
the combination feature, whereby both purification 
and dehydration may be accomplished in one stage 
is not the only advantage of the process. A glycol- 
amine solution may be regenerated more completely 
than an aqueous amine solution, thus permitting the 
attainment of higher purities in the gas being treated. 
At the same time, a glycol-amine solution with the 
same water content as a diethylene glycol solution 
will dehydrate the gas to a slightly greater degree 
than the latter. 

The flow diagram on the opposite page represents 
a typical application in the treatment of a sour-gas 
stream. Sour gas is introduced into the bottom of 
the absorbing column, the contactor. As it passes 
upward through the bubble trays it is thoroughly 
contacted with the glycol-amine solution, which en- 
ters at the top of the vessel. The outlet gas, free of 
the CO, and H,S and dehydrated, leaves the top of 
this column. The rich solution containing the ab- 
sorbed acid gases leaves the bottom of the contactor 
and passes through a bank of conventional heat ex- 
changers, wherein the temperature of the solution is 
raised. The rich solution then enters the regenerating 
column, the still. As it flows down over the bubble 
trays in this column it is contacted with the rising 
stripping vapors, thus stripping the solution of the 
acidic constituents. The solution from the bottom 
tray of the still enters a reboiler, wherein it is boiled 
to provide the stripping vapor for the column. The 
overhead stream of acid gas and water vapor from 
the still passes through a condenser, and the resultant 
mixture is separated in an accumulator, the acid gases 
passing overhead from this vessel and the condensate 
being returned to the still as reflux. The regenerated 
lean glycol-amine solution leaves the bottom of the 
still, passes through the exchangers, and is pumped 
back through coolers to the top of the contactor, thus 
completing the cycle. 

When using an aqueous monoethanolamine solu- 
tion it is possible to operate the still at higher than 
atmospheric pressures and gain somewhat more 
complete regeneration insofar as CO, is concerned, 
although increased pressure usually is deterimental 
in a stripping operation. In this particular case the 
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dissociation of the monoethanolamine-CO, complex 
increases sufficiently with the increased temperature 
caused by the additional pressure to overcome the 
adverse effects of the increased pressure. Such is not 
the case with H,S and the stripping of this con- 
stituent is less complete at an elevated pressure. 


The addition of glycol to the solution increases the 
boiling point without necessitating an increase in 
pressure in the regenerating column. Thus, in the 
case of a glycol-amine solution, the adverse features 
of increased pressure are not encountered, and both 
CO, and H,S may be stripped completely from the 
solution. 

The maximum purity obtainable on any gas isa 
function of the pressure and temperature at the top 
of the acid-gas-absorbing column and the amount of 
acid gas remaining in the stripped solution. It is 
obvious that higher purities are attainable by the use 
of the glycol-amine solution than by the use of an 
aqueous monoethanolamine solution, since the former 
may be more completely stripped. This is particularly 
important when considering low H,S specifications 
for treated gas. A difference of but a few grains of 
H,S in the regenerated solution may mean the dif 
ference between meeting and not meeting the speci 
fied purity. The fact that glycol-amine solutions may 
be so easily stripped is one of the major advantages 
of the process. A corollary to the ease of stripping is 
the advantage that the utility requirements for a 
glycol-amine plane are in general less than those for 
an aqueous plant for comparable service. 

As a result of the ready regeneration of the glycol 
amine solution, this process is frequently used where 
the treated gas purity requirements are stringent, 
whether or not simultaneous dehydration is desired. 
Adjustment of the concentrations of the glycol and 
water permits setting the regeneration temperature 
to obtain the required degree of acid-gas stripping t0 
insure the specified purity. 

Typical solution compositions employed in the 
glycol-amine process may be comprised of from 10 
to 30 percent monoethanolamine, 45 to 85 percent 
diethylene glycol, and 5 to 25 percent water. | 
ability of adjusting components of the glycol-amine 
water solution to attain required results permits 
flexible operation. A wide range of specifications for 
treated gas purity and water content may be met 
by using this process. Sour natural gas may be 
treated readily so that the residue gas will contail 
less than 0.25 grains of H.S per 100 cubic feet, whieh 
is less than 0.0004 mol-percent of H,S in the ga 

As a typical example of the extremely high puny 
gas obtainable with the glycol-amine process 
suitable operation there may be quoted data om4 
large operating installation in which the H,S conteit 
of the gas has been reduced from 450 grs. per! 
SCF to less than 0.01 gr. per 100 SCF, or less that 
0.16 mol parts per million. 

This process is licensed by The Fluor Corporatid® 
Ltd., Los Angeles. 
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Phosphate Desulphurization Process 





SHELL DEVELOPMENT COMPANY 


‘Tas PHOSPHATE. Process is a continuous, re- 
generative liquid purification system for the removal 
and recovery of hydrogen sulfide from natural and 
refinery gases and liquid hydrocarbon fractions. 
Treatment comprises two steps: absorption and re- 
generation. The principal absorption reaction may be 
expressed: 
K,PO, + H,S ~ K,HPO,+ KHS 

Regeneration of the solution reverses this reaction. 

Treatment of both the gas and liquid phases is 
identical with the exception of (1) extractor design, 
and (2) use of split solution flow for extraction of 
H,S from the gas phase in difficult cases. 

Considering Figure 1, the flow scheme depicting 
vapor phase extraction, the extraction step is carried 
out in a bubble tray column by means of split solu- 
tion flow. The raw gas is contacted countercurrently 
with the lean solution in the lower section of the col- 
umn to remove the bulk of the H,S, and before its 
effluence as desulfurized gas it is further contacted 
with very lean solution to achieve the final degree of 
H,S removal required. The combined solution 
streams issue from the bottom of the column, and 
after heat exchange with hot lean solution, this fat 
solution enters on the top tray of the regeneration 
column. In the regeneration column, the fat solution 
is stripped of H,S by countercurrent flow of steam 
rising from the base of the column. Steam from an 
external source may be used, as in open steam strip- 
ping, or the steam may be generated by conventional 
reboiling of the solution, as shown. The lean solution, 
approximating 75 to 85 percent of the total solution 
flow, is removed from a sump located somewhat 
below the center of the column. A reconcentrator 
serves to maintain the proper concentration of this 
solution by boiling off the steam condensed in in- 
creasing the sensible heat of the solution. The re- 
mainder of the solution, the very lean solution, is 
further stripped to a lower H,S level before leaving 
the column at the reboiler. For those cases in which 
a low residual H,S content in the treated gas is re- 
quired, this split solution flow system often results 
in steam savings of 25-40 percent over single flow 
treatment. Due to the relatively low flow rate of 
very lean solution, bubble tray design is most advan- 
tageously applied in design of split solution flow 
systems. 

Steam and H.S pass from the top of the regenera- 
tion column to a condenser, where steam is con- 
densed, and the H,S gas is expelled from the system. 
A simple condensing system consists of a partial 
condenser, located at the top of the column, which 
effects the desired degree of cooling of the H,S yet 
supplies a hot condensate essentially free of H,S 
which is returned directly to the reboiler from a con- 
densate well, as shown in the flow diagram. In large 
installations a conventional condenser—accumulator 
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system may be utilized, giving a cooled condensate 
which is returned to an additional stripping section 
at the top of the regenerator to remove H,S. The lean 
solution leaving the regeneration column, after heat 
exchange with the fat solution, is cooled prior to 
being pumped to the extraction column. The smaller 
very lean solution stream normally does not ex- 
change heat but is cooled directly and pumped to the 
extraction column. 

Considering treatment of a liquid phase hydrocar- 
bon, shown in Figure 2, the extraction step is 
achieved with countercurrent, single solution flow. 
Packed columns are usually specified but under cer- 
tain conditions it is advantageous to use perforated 
plate columns. After extraction, the liquid hydrocar- 
bon flows through a solution coalescer, which serves 
to safeguard against solution loss in the event of 
carryover or entrainment in the extraction column 
overhead. The fat solution flows from the bottom of 
the column to the fat solution settler, which serves 
to minimize hydrocarbon loss by entrainment in the 
solution. Subsequent to settling, the fat solution ex- 
changes heat with the lean solution and flows to the 
regeneration column. 

The regeneration column consists of a steam strip- 
per. Fat solution enters on the top tray and is 
stripped by a countercurrent flow of steam issuing 
from the column bottom. Either open steam or re- 
boiling may be used as a steam source for stripping. 
An additional method of condensation, i.e., direct 
condensation utilizing raw water, has been shown 
for the liquid phase extraction. However, the other 
methods are applicable. The resulting lean solution, 
after heat exchange with the fat solution, is cooled 
and pumped to the extraction column. 

The hydrogen sulfide recovered from this process 
is essentially free of hydrocarbons and is an ideal 
raw material for the manufacture of sulphuric acid 
or elemental sulphur. 

The inexpensive solution used ordinarily is pre- 
pared at the plant from commercial grades ‘of potas 
sium hydroxide and phosphoric acid. The optimum 
concentration of K,PO, depends upon the amount 
and nature of impurities in the hydrocarbon prot 
essed. It does not contaminate nor polymerize the 
hydrocarbon. Also, since K,PO, is a stable inorganic 
salt and does not decompose nor vaporize under 
treating conditions, solution loss is negligible. 

Iron and steel are satisfactory for all equipment. 
In case of corrosive cooling water, Admiralty- metal 
tubes and Muntz-metal sheets and baffles may be 
used for condenser and solution cooler. Gauges, 
instruments, valves and pumps should be all iron and 
steel. Observance of these general specifications wil 
insure freedom from corrosion on the process side. 

This process is licensed by Shell Development 
Company, New York. 
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Getter (outrol Values 


OPEN NEW ROADS TO 


Getter Processug 


* Diaphragm Valves 








With the new K & M regulators the petroleum industry gets 
a green light to more accurate, trouble-free control of pressures, 
flows, temperatures, and liquid level. 










The reason is simply this: K © M engineers were given a green light 
when the line was designed. ““Forget what's been done in the past,” 
they were told. “Produce something better . . . to meet the 
petroleum industry's needs today.” 







* Liquid Level Controls 







Kontrol Motor Regulators are their answer. New light weight. 
New diaphragm materials. New accuracy. New speed in getting 
at the diaphragm for inspection—for (typical of the K & M ap- 
proach) better design has done away with casing bolts, considered 
“necessary” for years! 









Kieley & Mueller engineers combine the most up-to-date equipment - 7 + Pressure Pilots 
offered today with their company’s half-century background of 
experience. They are eager to apply this combination to the solution 


of your control valve problems, new installations or replacements. 


(4 ONTROL 







. and related equipment for steam, 9% 
air and liquid services. 







Write for the new K & M catalog and names of 
Kieley & Mueller representatives from coast to coast. 









NORTH BERGEN N. 1. 
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Light Hydrocarbon Recovery 


And Fractionation Processes 


From humble beginnings in the first decade of this century, natural 
gas-gasoline processing has progressed at a rapid pace, so rapidly in fact 
that at the present time, more than 10 percent of the total motor fuel used 
in the United States is gasoline produced from natural gas. In view of 
the expansion program now under wary, the largest in the history of the 
industry, this percentage, which even now is an important factor in the 
nation’s petroleum economy, appears certain to increase substantially. 
It is estimated that the yearly production of natural gasoline and liquified 
petroleum products will reach 180,000,000 barrels in 1949 when current 
construction is completed. This is a 45 percent increase over 1947. 


The expansion of the industry is attributed to the greatly increased 
demand for natural gas and liquefied petroleum products, which are be- 
ing used for domestic and industrial purposes, chemical manufacturing 
(which currently is consuming approximately one-fourth of the LPG 
production of refineries and natural gas-gasoline plants), blending with 
gasoline, carbon black manufacture, gas manufacturing, gas enriching 
purposes, and many other uses. 


Plants currently under construction for the recovery of gasoline and 
liquefied petroleum gases from natural gas generally are designed for the 
highest propane recovery economically feasible. They employ absorption, 
refrigeration, and elaborate fractionation arrangements in combinations 
designed to obtain high and efficient product extraction. 


The oil absorption process using spray absorbers was introduced to the 
industry about 1913, following the compression process developed sev- 
eral years earlier, when a plant was built in West Virginia. A second 
plant was built in Oklahoma about the same time. Fractionation came 
into use in the early twenties as a simple economical method of solving 
the industry's problem of producing a highly volatile, but stable product 
by making the necessary sharp separation between gasoline and lighter 
components. After the general adoption of the Thompson-Rafferty type 
stabilizer, which maintained liquid levels about bubble caps on tower 
trays for liquid vapor contacting, the use of bubble trays was extended to 
absorbers, strippers, and other tower applications, to replace the packed 
towers and spray towers then in general use. A great amount of develop- 
ment work has been accomplished since the early days of natural gaso- 
line recovery. Typical modern plants tend to follow basic patterns, but 
are actually fairly complex arrangements of a number of carefully worked 
out processing ideas that are selected or devised to fit the problem at 
hand. 


The methods developed for the recovery of gasoline from natural gas 
were to some degree adapted to refinery vapor recovery applications in 
the period between 1915 and 1920. While in early refining operations the 


recovery of light gases and vapors received little attention, the wide- . 


spread use of thermal cracking processes and the resulting high gas 
yields made vapor recovery an important matter. The methods used in 
the natural gasoline plants were directly applicable. 


Today, with gas conversion processes playing a major role in refining 
operations, and with light hydrocarbons the principal feed and interme- 
diate stock in our ever expanding petrochemical plants, the methods and 
equipment used for absorbing, stripping, and fractionating these mate- 
rials constitute an important proportion of all oil industry process. plant 
activities. 
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[fk] TURBO-BLOWERS & COMPRESSORS up to 
30,000 hp for Refinery & Pipe-line Service. 
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[R]REFINERY PUMPS up to 3000 psi 
- for any liquid... . any 





[it] PIPE LINE PUMPS with I-R Shaft Seal e 
Also GENERAL-SERVICE PUMPS for all purposes. 





AIR POWER... Portable 
Compressors, Rock Drills & 
Air Tools for building and 
maintenance of pipe lines, 
refinery, and oil-field equip- 
ment. 





ETRO-CHEMICAL 
i OMBINATION for REFINERIES, OIL FIELDS, PIPELINES, AND CHEMICAL PROCESSES 


Experience in designing, building, selling, 
and servicing equipment for handling all 


sorts of liquids and gases...for all ranges 

of pressures...in all kinds of processes. 4 

Top-quality heavy-duty machines with Ti @erso ari — 
mo Process-ability... suitability, control-ability, 


durability, dependability, and accessibili ae 
and aeadies Gee week cen aan 11 BROADWAY, NEW YORK 4, N. Y. as 
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Low Temperature Gas Rectification Process 


PETROLEUM ENGINEERING, INC. 


aR and refrigeration as a means of 
separating gasoline from natural gas has a venerable 
past. As one of the first processes used by the indus- 
try, it was in good repute until the expanding market 
for natural gasoline and the operation of long dis- 
tance transmission lines gave rise to a demand for a 
more efficient method, in both extraction efficiency 
and the possibility of operating at lower pressures. 
This demand was met by the development of the 
absorption process. 

The original recovery process, that of compression 
and cooling, with separation by gravity in a common 
receiver for the cooled gas and condensed gasoline 
fractions, had the inherent limitation of separation 
by simple condensation. Under these conditions, the 
total condensed liquid is in equilibrium with the total 
non-condensed gas at the temperature and pressure 
prevailing within the condenser. The result was a 
condensate containing a large proportion of undesir- 
able light hydrocarbons, and a residue containing a 
large proportion of the heavier hydrocarbons desir- 
able as gasoline fractions. If the condensate only is 
further processed, as in the older plants, the desirable 
hydrocarbons in vapor are lost. Several years ago the 
gas rectification process was introduced to eliminate 
these losses. Originally simple water cooling for 
reflux condensation was used. 

Later with the improved market for butanes, the 
process was improved with refrigeration to obtain 
practically complete butane recovery. Then the de- 
mand for propane resulted in still lower temperatures 
being desirable and dehydration and two level re- 
frigeration was added, 

The flow diagram shows a typical low temperature 
gas rectification gasoline plant. Only the compres- 
sion-refrigeration and recovery column section is 
shown, because the fractionation channel is conven- 
tional in refineries and gasoline plants. 

As in the compression and cooling process, gas 
from the field scrubbers is compressed and cooled; 
two stages of compression being utilized in this 
plant. After the second stage of compression and 
cooling and after passing through a water separator, 
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a sufficient amount of glycol is added to the stream 
to depress the freezing point of the water vapor 
present. Then the gas flows through an exchanger 
where it receives a preliminary cooling by the cold 
residue gas from the recovery column reflux accu- 
mulator. A propane refrigerant exchanger then cools 
the gas to 50° F., the condensed water and the glycol 
are removed in a settling tank and the gas and con- 
densate charged to the recovery column. 

In the column, a down-flowing stream of reflux, 
that has been condensed by propane refrigeration, 
serves to wash back the desired heavier hydrocar- 
bons, which are carried downward to a point below 
the feed plate. Below the feed plate, heat generated 
in the reboiler serves to strip the resulting con- 
densate of excess light components retained by the 
reflux stream, so that in effect the column operates 
as a deethanizer. The resulting bottom product of 
raw gasoline contains practically all the butanes in 
the gas and a high percentage of the propanes. This 
product is released to the raw gasoline surge tank 
for subsequent fractionation. 

As shown on the flow diagram, the top temperature 
of the column is 40° F, This temperature is obtained 
when overhead vapors from the recovery column pass 
through an exchanger with propane-refrigerant, 
which cools the gas to 0° F. to provide condensation 
for reflux, Although substantially all the water vapor 
has been removed previously from the main gas 
stream, an additional quantity of glycol is injected 
ahead of the refrigerated reflux condenser to effect 
further removal of water vapor and to depress the 
freezing point of any water vapor remaining, The 
glycol and water is removed from the bottom of the 
reflux accumulator and returned to the glycol concet 
tration unit. 

Where the gas is to be compressed for pipe line de 
livery, or other reasons, to a pressure sufficient for 
the operation of this process, the cost of the recovery 
system is comparatively low. The utilities, heating 
and cooling, are especially low. Compared to the ab 
sorption process, fuel and cooling loads are approxt 
mately one-half. 
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Dependability in operation is the result of the 
thorough background of Men, Machinery, 
and Materials behind such Western installa- 
tions as the Telescopic Jacket Water Cooler 
at Phillips Petroleum Products pump station, 
Cassoday, Kansas (left), and the. Floating 
Head Gas Coolers at Panhandle Eastern Pipe. 
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Absorption Process 





FLINT STEEL CORPORATION 


A TYPICAL flow diagram of the Tulsa Type Ab- 
sorption Plant, designed and constructed by Flint 
Steel Corporation, is shown on the opposite page. 

The inlet scrubber is equipped with a single mist 
extractor and both the absorber and the residue 
scrubber have double mist extractors to prevent en- 
trainment of mineral seal oil into the residue gas line. 

The oil heat exchangers shown on the diagram 
are of the multitubular, fixed tube-sheet design ; how- 
ever, when it is necessary to clean both through and 
around the tubes, floating-head removable tube- 
bundle exchangers are installed. 

The evaporator-dephlegmator shown is of the com- 
bined type; however, in some instances, the evapo- 
rator and the dephlegmator are separate towers. The 
evaporator is furnished with two internal heating 
elements, one above each of the two lower trays, in 
which live steam is used as a heating medium through 
the tubes. This is a patented feature, and reduces 
the amount of steam required for heating the oil as 
there is no radiation loss. The oil passes around the 
tubes and inside the shells of the internal heating 
elements. 

A small stream of hot mineral seal oil is taken off 
the bottom of the evaporator, heated with steam and 
introduced into the oil reclaimer. The oil vapors are 
condensed and the oil flows into the mineral seal oil 
storage tank. By continuously reclaiming the oil in 
this manner, the absorption oil remains in a clean 
condition. 

The vapors from the raw make accumulator tank 
are recompressed for further processing. 

In the fractionator system on the diagram, a de- 
propanizer, debutanizer, butane splitter and a de- 
isopentanizer are shown. In some plants this would 
be more fractionators than necessary. In some in- 
stallations, with the absorber working under high 
pressures, it would be advisable to use a de-ethanizer 
ahead of the depropanizer in the system. 
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The coolers usually are of the atmospheric type 
with cast-iron or steel heads and inhibited Admiralty 
tubes. Some installations require closed type float- 
ing-head removable tube bundle coolers. The “Tulsa 
Type” atmospheric coolers have straight tubes. Both 
tube sheets are free to move back and forth to take 
care of expansion and contraction of the tubes. Scale 
from the tubes is shed by temperature shock which 
causes elongation of the tubes. Since the tubes are 
taut and straight, water dripping on the under side 
of the tubes is uniform; thus, the coolers below the 
top cooler in each bank receive evenly distributed 
cooling water. The oil coolers, gasoline condensers, 
fractionator reflux condensers and fractionator final 
gasoline cooler are of this type, being built for the 
pressures necessary. 

An absorber usually has 20 bubble trays for rela- 
tively high butane extraction. If higher butane ex- 
traction or propane extraction are desired, as many 
as 30 bubble trays are used. On some installations 
chilling elements are used in the absorber. This is 
also a patented feature. A refrigerant is introduced 
through the tubes of the chilling elements and the 
lean oil passes around the tubes and inside the shells 
of these internal chilling elements. The bubble trays 
in the fractionators number from 24 to 50, depend- 
ing upon the service and degree of fractionation de- 
sired. 

A gasoline heat exchanger is used on the feed 
line to the first fractionator for exchanging heat be 
tween the feed and the finished gasoline. 

Rate-of-flow controis are used to control the 
amount of reflux to the various fractionators. Con- 
trols, regulators, and recording instruments are used 
throughout the plant to make it automatic in opefa- 
tion. The accompanying flow diagram is typical and 
can be changed as conditions warrant. 
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Absorption Processes 





JONES & LAUGHLIN SUPPLY COMPANY 


the last two or three years emphasis in 
design of gasoline absorption plants has shifted from 
butane to propane as key component. The market for 
butanes, propane and L. P. G. has been exceptionally 
strong. 

In setting design conditions and requirements for 
absorption plants presently under design, it is gen- 
erally assumed that substantially all butanes can be 
economically recovered and at the same time a high 
recovery of propane is assumed. However, such as- 
sumptions cannot be safely made without a careful 
economic study of the particular situation under con- 
sideration. Higher propane recovery increases both 
first cost and operating cost rather sharply. High 
propane content of gas and high pressure for ab- 
sorption have much to do with the economic feasi- 
bility of high propane recovery. 

The flow diagrams on the opposite page represent 
modern versions of two types of plants, the upper 
for use where butane is the key component, the lower 
where propane is the key component. Both plants 
are flexible so that operation may be varied with 
market conditions to produce optimum plant re- 
turns. Stabilizer sections are omitted from both flow 
diagrams. 

The “Moderate Propane Recovery” plant usually 
will recover from 25 to 35 percent of the propane. 
The limiting factor is the still pressure, which must 
be kept low enough to permit stripping at the avail- 
able hot-oil temperature without using uneconomical 
stripping steam quantities. The use of a direct fired 
oil preheater as shown permits higher still pressures, 
and, consequently, higher propane recovery. 

Between the absorber and the still, a fat-oil sta- 
bilizer (or fat-oil deethanizer) is shown. Heat from 
normal oil-to-oil exchange is applied to the feed en- 
tering this unit and, consequently, better heat econ- 
omy is secured than when heat other than from oil 
exchangers is applied to the stream before leaving 
the bottom of the fat-oil stabilizer. By controlling 
preheat of the lower charge stream and regulating 
cold oil quantities to the top and middle sections, 
substantially all the methane and 60 to 80 percent 
of the ethane can be removed from the fat-oil. This 
is accomplished without excessive losses of propane 
and heavier. Fat-oil stabilization reduces the quan- 
tity of recycle vapors from the still and stabilizers 
with resultant savings in equipment size and cost, 
while at the same time overall butane-propane re- 
covery is increased. 

[It will be noted that a lean oil absorption section is 
set on top of the fat oil stabilizer proper. This may 
be omitted and the overhead vapors compressed to 
enter the main absorber. In many cases this operates 
to better advantage. In connection with this “Mod- 


erate Propane Recovery System,” the absorber pres- 
sure is assumed to be 200 psig or more. 

The “High Propane Recovery” plant indicated by 
the lower flow diagram is satisfactory for propane 
recoveries on the order of 50 to 85 percent. This 
high propane recovery is economically feasible only 
when gas from the field is relatively rich in propane 
and when absorber pressures of from 400 to 700 
psig are available. 

Distinguishing features of this system are the high- 
and low-pressure stills, and the reabsorber where 
the cold fat-oil serves as a large portion of the ab- 
sorption medium required for the reabsorption of the 
heavier constituents of the relatively high quantities 
of recycle gases. The primary still is operated at 
about 225 pounds pressure in order to condense a 
high proportion of propane in the stabilizer-charge 
liquid. Since satisfactory stripping is impractical at 
this pressure, the primary still bottoms are fed to 
the secondary still, which is operated total condens- 
ing at 50 to 75 pounds pressure with the net over 
head product being pumped to an intermediate point 
in the primary still condenser. The addition of this 
secondary still product aids in holding the maximum 
amount of propane in the liquid state. 

In many cases the lean oil absorber shown as the 
top section of the reabsorber can be dispensed with 
and a recompressor substituted for the purpose of 
compressing this recycle gas to the main absorber 
inlet. 

While not indicated on the flow diagram, it may 
be desirable to apply a small amount of heat to the 
base of the reabsorber to assist in the fractionation 
between ethane and propane and keep down the re 
cycle gas quantities. The secondary still preheater 
which is dotted in on the flow diagram, may not be 
necessary. 

Many variations should be considered before 
selecting final process arrangement. Among these we 
would mention principally the application of Te 
frigeration to the absorption cycle and, on occasion, 
to net overhead vapors from distillation unit, and to 
net overhead vapors from deethanizer. Also the dis 
tillation unit can be reduced to single still operation 
if recompressors are added for increasing pressure 
of non-condensable overhead hydrocarbons so that 
a higher pressure condensing point comparable t0 
primary still condenser can be set up. 

As stated at the beginning, each plant design must 
be carefully studied in relation to its particular op 
erating situation before final decision is reached m@ 
regard to economic recovery of propane as well @% 
several other points above mentioned. 

Both the flow diagram opposite and this descrip- 
tion were provided by Jones & Laughlin Supply 
Company, Tulsa, Oklahoma. 
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Bradford, Pa. Parkersburg, W. Va. San Francisco, Cal. Seat 


@® Engine side of the compressor line, showing the 
200 hp Cooper-Bessemer GMX in the foreground, used 
to re-compress still vapors to 300 psig. 
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These three Cooper-Bessemer 5-cylinder, 375 hp JS gas 
— drive 250-kw, 440-volt, 60-cycle generators to supply 
Plant and camp electric power. 








Cooper-Bessemer powers Humble’s Clear Lake Gasoline Plant si 





Processing 
50 MILLION CU. FT. OF GAS DAILY 


Humble Oil & Refining Company's new plant 
at Clear Lake is equipped with four 1000 hp 
GMV compressors, one 200 hp GMX for re- 
compression, three 140 hp GAW gas engines 
direct-driving high pressure, lean oil pumps, 
and three 375 hp JS gas engines driving gen- 
erators for plant and camp electric service — 


all dependable, efficient Cooper-Bessemers. 


Here, 45,000 gallons of de-ethanized products, 
including gasoline, butanes, and propane are 
produced daily. The largest engine-driven 
compressors, the 10-cylinder GMV's totalling 
4,000 hp, handle 25 million cu. ft. of casing- 








head gas a day, through two stages, from 60 
to 800 psig. An additional 19 million cu. ft. of 
gas well gas, plus 6 million cu. ft. of high 
pressure casinghead gas delivered from an- 
other source, makes the total 50 million feet 


processed daily. 


The Cooper-Bessemer GMV has long proved 
to be the industry's top performer for all kinds 
of compressor service within its 400 to 1000 
hp. range. There’s good reason for its wide- 
spread use. Check up. It can save you money 
on space and housing, on maintenance, and 


on over-all operating cost! 
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Dallas, Greggton, Pampa and Odessa, Texas 
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@ Three 140 hp Cooper-Bessemer GAW horizontal gas engines 
direct-driving high pressure lean oil pumps for supplying 
absorption oil to the plant’s two absorbers at 800 psig. 
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Stage Separation Cycling Process 





O. L. OLSEN 


ence separation plants for recovery of liquid hy- 
drocarbons from natural gas have been found advan- 
tageous in small condensate fields, or where installa- 
tion of a full-scale absorption type plant is not feasi- 
ble. The low installation and operating costs of stage 
separation plants often permit production of con- 
densate fields that otherwise would be shut-in. 

The stage separation process employs compara- 
tively simple equipment, and is well-adapted to high 
reservoir pressures and the processing of small vol- 
umes of gas, because its operation employs pressure 
reduction in each stage of separation. Such plants 
operating at high pressures seldom utilize more than 
three separation stages, and compressors are neces- 
sary only for compressing residue gas for field injec- 
tion, or pipeline sales. 

In the accompanying flow diagram of a three-stage 
recovery plant, the flexibility of such processing is 
demonstrated in the handling of two separate streams 
of gas from production at two different pressures. 
Although not shown, the plant actually utilizes five 
separators for metering purposes—two operating at 
1500 psig and two at 750 psig, and a fifth separator 
for use as a test separator, After metering, the gas 
and liquid are recombined before entering the process 
stage separation system. 

There are three process separators 
at 1500 psig, one at 750 psig, and a final separation 
of liquid hydrocarbons from the gas in a flash tank 


one operating 


operating at 250 psig. 

Combined gases and liquids leaving the 1500 psig 
metering separators are cooled in an atmospheric 
section and enter the first stage 1500 psig process 
separator. Liquid condensate is collected in this 
separator and led under level control to the second 
stage 750 psig process separator. Combined gases and 
liquids from the 750 psig metering separators flow to 
the second stage process separator, also, passing 
through a cooler to join in an equilibrium flash with 
the bottoms from the first stage 1500 psig process 


separator. Liquid bottoms from this separator age 
flashed into a third stage 250 psig process separator 
Vapor from this third stage separator is combined 
with vapor from the stabilizer reflux drum and then 
recompressed to the 750 psig level, combined with the 
vapor from the 750 psig separator and recompressed 
to 1500 psig. The gas is cooled in an atmospheric 
section after compression and returned to the 150) 
psig separator. All gas overhead from the 1500 psig 
separator is picked up by the compressors, boosted 
to 5000 psig and returned to the field injection wells 

Raw distillate from the final flash tank is pumped 
through heat exchange with the final product and 
charged to the stabilizer, a 30-tray column, at 390 
psig and about 175° F. Sufficient overhead vapors are 
condensed at 85-90° F. to supply reflux and the m- 
condensed overhead vapors are returned to the com- 
pressors for field injection, Reflux is 30 gallons per 
minute, and the volume of uncondensed propane-tith 
vapor is 300,000 cubic feet daily. Stabilized distillate 
is produced at the rate of 1000 barrels per day from 
the bottom of the stabilizer, Heat to the stabilizer 
column reboiler is supplied by a Dowtherm unit, 
stead of steam, because the reboiler is the only item 
of equipment in the plant requiring heat and the m 
stallation and operation costs of this unit are lés 
than that required for a steam plant, The two pumps, 
one pumping feed to the stabilizer and the other 
pumping reflux on the tower, are driven by electtit 
motors on current supplied by the plant’s generator 
units, 

In the plant discussed herein, two 800-horsepowet 
compressors are used to compress the 16,000,00 
cubic feet daily of gas through three stages to fhe 
formation injection pressure of 5000 psig. Each pie 
ducing well and injection well is provided with’ 
separate line and production and injection rates CF 
trolled by adjustable chokes in the plant. Each lines 
equipped with flow meter, presure gauge and thet 
mometer. 
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i. 
ZOWUMGSG UNITIZED 
AUTOMATIC BOILERS 


For refinery, natural gasoline plant and other power ar 
process steam requirements up to 350 H.P., Steamast 
offers proven performance, easy installation and economic 


operation. 





Steamasters are standard production line boilers, completely unitized 
shipped from factory ready for installation with full Boiler trim, fully aut 
matic burners for any type of fuel, complete return to boiler system ant 
full electric control panel, completely wired. Boiler is ready to go excet 
for refractory material. Installed and On-Stream in two to five days. 
is nothing else to buy. 





- All steel construction throughout. 
- Capable of exceeding its full rated capacity. 


- Sectional Steel Headers assure easy and 
servicing. 





- All parts readily accessible for cleaning and 
spection. 


- Staggered heating surfaces and three pass = 
system assure highest thermal efficiency. 


- All parts maintained at equal temperature. Po 
itive Tidal Circulation.. 


- Engineered with the finest burners, cof 
water-feed and accessories. 


. A.S.M.E. Code—National Board Approved. 


. Certifications and inspection by nationally re 
nized insurance company. 
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Absorption Cycling Process 





a= is a recovery process in which conden- 
sate or distillate is extracted from high pressure nat- 
ural gas, and the residue gas compressed and re- 
turned to the producing formation. The cycling 
method of production and recovery is applicable to 
and necessary in reservoirs where the hydrocarbons 
present exist in a single vapor phase to maintain the 
original pressure and prevent condensation and re- 
sultant loss of liquid hydrocarbons in the reservoir. 
Cycling provides for maximum recovery of hydrocar- 
bons from the reservoir and the prevention of surface 
and underground waste of natural gas. A_ well- 
planned efficient cycling program operation will often 
recover an extremely high percentage of the hydro- 
carbons in the reservoir compared to production with- 
out cycling. Also, the dry gas returned to the forma- 
tion is readily available and may be withdrawn at a 
later date for use in any advantageous manner in ad- 
dition to its immediate utility for pressure main- 
tenance. 

Varying plant designs are used for cycling oper- 
ations. Simple separation installations, which were 
once quite widely used, are based on the prin- 
ciples of retrograde condensation and extract the 
condensate by a reduction in pressure. A variation of 
the simple retrograde condensation plant required 
cooling of the gases, since in the retrograde range 
condensation at a given pressure increases at lower 
temperatures. Extraction efficiencies were thus im- 
proved by the addition of a refrigeration cycle to re- 
duce the temperature of the wet gas before separa- 
tion. 

Possibly the most effective type of cycling process, 
which is discussed here, utilizes high pressure absorp- 
tion to recover the condensate. This type of plant has 
a much higher extraction efficiency than those proc- 
esses mentioned above. Also, in addition to higher 
extraction efficiency, less horsepower is required for 
compression and injection of the residue gas back 
into the formation, due to the higher suction pres- 
sures employed. A large majority of the cycling plants 
constructed during the last few years employ the 
absorption process. The plant investment, however, 
is large with the absorption process, so that usually 
large volumes of gases must be available for process- 
ing and adequate reserves are necessary to justify the 
construction of a plant. 

Gas wells supplying cycling plants have high deliv- 
ery pressures, usually in the range of 1500 to 5000 
psig. The residue gas must be returned to the produc- 
ing formation. It is processed and then compressed to 
a sufficient level over reservoir pressure to allow in- 
jection into the reservoir through special wells set 


300 








aside for the purpose. The necessary injection pres. 
sures are high and the attendant equipment and oper- 
ating expenses are major factors in plant design, 
3ecause of these factors, the main plant absorbers are 
operated at quite high pressures to avoid increased 
recompression expenses. Absorbers commonly oper 
ate in the range between 1000 and 2000 psig., with 
1500 to 1800 psig. perhaps most frequently used. An 
attempt is made to achieve a plant design having 
optimum economic balance between the factors of 
recompression operating equipment 
costs, and products value. 

In the plant diagram shown, lean absorption oil of 
35-40° API is charged to the absorbers by: a multi- 
stage centrifugal pump. The oil has a molecular 
weight of 200-225, an initial boiling point of 480-500° 
F. and a final boiling point of 650° F. The absorption 
pressure is about 1500 psig., although absorption 
pressures as high as 2000 psig. are being used in 
similar plants. 

Rich oil from the absorber is flashed in the base 
of the high pressure reabsorber and some of the light 
hydrocarbons, methane and ethane absorbed in the 
oil are released from solution along with heavier 
components that it is desirable to retain. These vapors 
are contacted with lean oil to recover the heavier 
components. A substantial portion of the methane 
and ethane is released into the residue gas stream to 
the compressors. The rich oil from the reabsorber is 
flashed into a lower pressure reabsorber which is con- 
structed in combination with a stripping column. 
Flashed rich oil flows down over bubble plates in the 
stripping column to be contacted with a stream of 
propane rich vapors which tend to strip out any ab 
sorbed ethanes and lighter to replace them with 
propanes and heavier. 

Tail gases from the reabsorbers are recompressed 
by a system of stage compression to the main ab 
sorber pressure and join with the absorber residue 
gas which is raised to field injection pressure level 
by a final stage of compression. 

The combined rich oil streams from the absorbef, 
high pressure reabsorber and low pressure reabsorbet 
are heated by exchange with the lean oil then im@ 
direct-fired heater and charged to the still. In this 
tower, the lean oil is stripped and removed from the 
bottom of the tower and the raw distillate is takem 
overhead. The distillate is condensed for reflux to the 
still and for charging to the stabilizer. Uncondensed 
vapor from the reflux accumulator is returned to the 
low pressure reabsorber for recovery of propane 
Raw distillate charged to the stabilizer is split imt 
stabilized natural gasoline as a bottom product and 
the propane and butane overhead receives final frat: 
tionation in a deethanizer. Overhead vapors from 
deethanizer are used for fuel. 
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1. Intermediate Temperature Valye— 





recommended for L P G service. Tem- 
peratures to 375° and is stainless 


steel trimmed for corrosive services. 


, Regular Type (Oil Country Type)— 
recommended for temperatures to 


275°, not stainless steel trimmed. 


SIZES: Refinery Rated —be- 


ginning with 2” Series 150 Ibs. 
Flanged and Threaded Ends. 


Oil Country Rated — beginning 
with 2” Series 300 Ibs. Flanged and 
Threaded Ends. 








Valves shown are 2” Series 
150 1b., 500 1b., test. 


Write For Catalog 











|, Easy Packing Adjust- 
ment. 

2, Plastic Packing. 

3, Welded Bonnet Con- 
struction. 

4. Friction Free Seating. 


5. Rising Stem. 


GUE \ 
\e 6. Resilient Seating. 


Full Round Opening. 





























Pipeline Absorption Process 





Tir TREMENDOUSLY increased consumption 
of natural gas as domestic and industrial fuel and as 
a raw material for the manufacture of chemicals by 
various synthesis processing plants has resulted in 
the construction of many long distance high pressure 
gas transmission pipe lines. 

In general, the gases handled by these lines are of 
necessity rather dry, since wet gases would result in 
excessive condensation of heavier components in 
transmission and at compressor stations. The gases, 
too, are usually dehydrated to low moisture contents. 
Since field gases ordinarily contain recoverable hy- 
drocarbons, gases moved by pipeline commonly are 
processed for gasoline and LPG extraction in the 
field before delivery to the line. Alternately, the re- 
covery plant may be located at some point along the 
length of the pipeline as conditions may dictate. 

In many cases gases for sales to pipelines are col- 
lected at low pressures from crude oil separation 
systems or other field sources. In such instances stage 
compression methods are usually necessary to raise 
the gases to pipeline delivery pressure which is often 
several hundred pounds. The attendant natural gaso- 
line recovery plants are then designed to take advan- 
tage of the stage compression and condensation ef- 
fects and ordinarily utilize absorption at near pipe 
line delivery pressures to obtain optimum recovery of 
propane and heavier hydrocarbons. 

Undoubtedly the most efficient installations of pipe 
line absorption plants are those made where large 
volumes of gas are produced at sufficient pressure 
for delivery directly into the pipeline without me- 
chanical compression. Where extremely large gas 
reservoirs exist some of the production problems en- 
countered in smaller fields are less serious, or less 
urgent. Cycling in many such fields is not necessary, 
or may offer little ultimate gains. Many pipe line 
absorption plants are so situated. 

These plants receive gas feed at field conditions, 
often at considerably higher pressure than required 
for pipe line delivery. The absorber pressure thus can 
be set at the optimum point in the available range to 
give the most economic product recovery and equip- 
ment and operating costs. Since recompression of 
the residue gas is not required the absorber pressure 
can be lowered to any desired level as set by other 
design factors. Actually, most such pipe line absorp- 
tion plants are operated at about pipe line delivery 
pressure, frequently in the range of 700 to 1000 psig. 

In many cases pipe line absorption plants receive 
comparatively lean gases. The fact that such plants 
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often can be positioned to handle large volumes of 
this lean gas, perhaps as much as 100,000,000 to 250- 
000,000 cubic feet daily, is quite important to the 
economics of these operations. The extreme simplif- 
cation of such plants through the avoidance of com- 
pressor loads is also an important factor. Some plants 
have little or no compressor load. The amount of gas 
which is released through the reabsorbers and other 
low pressure vent sources is often just about equal 
to plant fuel requirements. Any excess is recom- 
pressed. 

A typical high pressure pipe line absorption plant 
is shown on the opposite diagram. Field gases are ab- 
sorbed in a high pressure absorber, rich oil is flashed 
in a reabsorber to release ethanes and lighter, the rich 
oil is stripped in a steam stripping still, product is 
recovered overhead at the still as a liquid, is stabilized 
for gasoline production, and stabilizer overhead de- 
ethanized in turn for the production of propanes. 
Overhead noncondensables from the still are routed 
to a reabsorber. Certain close resemblances between 
this plant and the usual absorption type cycling plant 
are clearly evident. There is no basic difference in 
process flow. Because of the lower main absorber 
pressure a single reabsorber is practical. 

Residue gas from the absorber must usually meeta 
low specified moisture content on delivery to a pipe 
line. The dehydration of the residue gas is usually 
necessary, and the method perhaps in widest use is 
by contacting with adsorbents in solid bed vessels. 
The adsorbent vessels are in turn stripped of mois- 
ture by a reverse flow of heated dry gas. Two or 
more adsorbent towers are used on a cyclic operation. 
Where the field gases as produced contain appreciable 
amounts of hydrogen sulfide, the solid bed adsorption 
dehydration method is frequently replaced with liquid 
absorption methods of dehydration which also effect 
the desulfurization of the gas. 

The recent trend in absorption plant design toward 
quite high propane recoveries has led to the use of 
refrigeration for lowering the effective absorption 
temperatures. When refrigeration is applied to the 
cooling of the lean oil stream to the top of an absorb- 
er the temperature of the residue gas stream is als0 
reduced, and a sharp reduction in moisture content 
of the gas results. A comparatively small temperature 
change, perhaps 20° F., may halve the moisture ™ 
the residue gas. This effect is.especially useful in pipe 
line absorption plants, since the required capacities 
of residue gas dehydration plants can be greatly 
duced with substantial savings in plant investment 
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psolvent Dewaxing Process in 
dube oils, Clark is building 
B Centrifugal Refrigeration 
tO Ope ite at approximately —20° 
Bheit. Other Clark Propane Multi- 
s Centrifugal Compressors will 
mite at a higher temperature to cool 

orb er oil. 
ark’s Multi-Stage Centrifugal Com- 
sors, designed for use with Propane 
Ga other hydro-carbons as refrigerants, 
Pre particularly suitable for high pressures 
and large volumes. They can compress 
capacities from 2,000 to 120,000 c.f.m. 
with discharge pressures up to 475 Ibs. 





CLARK BROS. CO., INC. 


PROPANE 
REFRIGERATION 


With the Clark multi-stage design, two or 
more compressors can be connected in line 
with one driver for through drive, thus 
saving floor space, also installation and 
operating costs. They can be driven either 
with a directly connected turbine or a 
motor through a speed-increasing gear. 

Clark’s Multi-Stage Centrifugal Com- 
pressors can be arranged quickly and easily 
to meet any desired pressure or capacity 
within the ranges stated above. Standardized 
design permits use of interchangeable 
parts and easy adaptation to different types 
of service, as well as speed in filling orders. 
Write for full information. 


¢ OLEAN, NEW YORK 
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Absorption and Stripping Processes 





Diistiisrion plants are alike in principle but 
vary widely in equipment and process arrangement. 
The basic design is shown on diagram 1 opposite. 
Rich gases are countercurrently contacted with lean 
absorption oil in a bubble plate tower. Residue dry 
gas leaves the absorber to sales or other disposal. En- 
riched oil flows through a preheater into a still 
where absorbed light hydrocarbons are stripped out 
and condensed overhead as product. Lean oil is 
cooled and recycled to the absorber. Condensed 
product serves as still reflux, Noncondensable gases 
are routed through a reabsorber or compressed for 
recycle to the main absorber. Product is stabilized 
to the desired vapor pressure in a fractionator. 

This basic process scheme has been much used. 
In recent years the increasing use of butanes and 
lighter hydrocarbons for LPG sales and conversion 
to motor fuels or petrochemicals, plus the devel- 
opment of high pressure absorbers to process cycled 
gases from underground reservoirs, has stimulated 
intense development in design, and flow diagrams 
have become more complex. Several modifications of 
the basic plan are shown. It should be noted that 
some of the ideas are covered by patents which will 
not be detailed here. 

Increased propanes-butanes extraction entails ad- 
ditional absorption of ethanes and lighter compo- 
nents, with adverse effects on stripping still opera- 
tion. Low pressure at the still is desirable to assist 
in stripping lean oil and to avoid excessive bottoms 
temperatures. Low pressures, however, make con- 
densation of overhead vapors more difficult, the con- 
denser temperature being set by the available cooling 
water. 

Absorption temperature is a controlling factor for 
the extraction obtained. Lower temperatures can be 
achieved by increased water cooling or by refrigera- 
tion. Cooling can be applied to the lean oil, to the 
absorber through intercoolers, or to the incoming 
gases as indicated by diagram 2. Lower tempera- 
tures improve the selectivity of absorption of heavier 
components over lighter gases. Since absorbed ethane 
and lighter gases require additional equipment for 
their elimination this is important, Lowering the 
lean oil temperature to the top of the tower also 
lowers the residue gas temperature, and the moisture 
content of this gas. For gases flowing to a dehydrator 
or to pipe line sales this moisture reduction may be 
desirable. lf the residue gas moisture content is un- 
important, the provision of cooling by an intercooler 
a few trays below the top of the absorber is more ef- 
ficient as most of the cooling then lowers the effec- 
tive absorption temperature with less loss of refrig- 
eration to residue gas. Where very low absorber tem- 
peratures are desired some of the refrigeration duty 
may be applied to the incoming gas stream. MTD’s 
in coolers are thus improved and more uniform ab- 
sorber temperatures obtained. Below the 60° to 70° 
F. range trouble with hydrate formation in the ab- 
sorber is likely. Dehydration of the incoming gases 
and production of a moisture free lean oil by the use 
of reboilers instead of direct steam stripping are ef- 
fective protective measures. 

High pressure absorbers are less selective between 
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light and heavy components recovered than are Jow 
pressure absorbers. In the scheme shown on diagram 
3, rich oil from a high pressure absorber is flashed to 
a lower pressure, and unwanted methane and ethane 
are to considerable degree released, thus avoiding 
difficulties later in condensing stripping still over. 
head. Desirable propanes and heavier are vaporized jp 
appreciable amounts, however, and current practice 
is to provide a few trays on the top of such flash 
tanks to reabsorb the heavier components with a lean 
oil stream, as shown in diagram 4. 

Another route for discarding undesired light com- 
ponents from the rich oil stream is shown in diagram 
5. Cold rich oil is contacted in a bubble plate strip- 
ping tower with a vapor rich in propanes-butanes 
from vent gas sources. Ethane and lighter compo- 
nents are selectively stripped from the oil, being re- 
placed with heavier components absorbed from the 
stripping gas stream. Released gases and remaining 
stripping vapors flow to a reabsorber, which is often 
combined with the stripper, Rich oil from the reab- 
sorber falls into the top of the stripper. The scheme 
has the important advantage that it costs very little 
in operation. 

Rich oil feed to stripping stills is preheated to 
vaporize absorbed light hydrocarbons. As shown in 
diagram 6, the preheater load may be reduced with 
a flash drum where vapors are separated to flow 
directly to the still with only the remaining rich oil 
flowing through the preheater. No pump is required. 
The reduced volume through the preheater lessens 
pressure drop problems, often a serious factor in 
plant revisions, 

Two stage stripping is one effective way for avoid- 
ing expensive recompression of noncondensables. As 
shown on diagram 7 the first still is operated at sul 
ficient pressure above a reabsorber so that overhead 
vapors not condensed do not require recompression. 
First still bottoms temperature is set so that second 
still overhead can be totally condensed with the 
available cooling water and at pressures low enough 
for effective stripping of the lean oil, First still over 
head includes the bulk of butane and lighter hydro 
carbons from the rich oil with possibly a little pem- 
tane and heavier. This material can be deethanized 
under easy conditions, especially with respect to base 
temperature requirements. 

To extract all pentanes plus fractions from ab- 
sorber gases it is essential that pentane free lean oll 
be employed. Gasoline plants designed for high pro 
pane extraction require lean oil circulation for pie 
panes greatly in excess of that required for complete 
absorption of pentanes. In “multiple absorption,” i 
dicated on diagram 8, enough pentane free leam 0! 
is supplied at the top of an absorber for the complete 
absorption of pentanes, and a larger volume of par 
tially stripped lean oil is supplied to a point lower om 
the tower to effect the desired absorption of pie 
panes-butanes. The requisite partial stripping of me 
oil is accomplished by .cold*s flashing in a series ® 
drums with the final flash at vacuum pressure. Prod- 
uct separation and the stripping of a lean oil stream 
for pentane recovery are performed in a final stip 
ping still. 
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Multi-Pressure Absorption Process 





an E well head pressures, temperatures, and com- 
positions of oil and gas as produced in the field are 
spread over a wide range of values. The methods of 
handling these materials above ground before deliv- 
ery to a processing plant are diverse. Because of these 
factors, plants must be custom designed to suit the 
specific set of circumstances at hand. In addition to 
the variables of feed composition and supply condi- 
tions, plant design is controlled by the location of the 
production, the volume of reserves, the market oppor- 
tunities and specifications for products and residue 
gases, the advisability and/or legal necessity for 
cycling, and the availability and cost of plant utilities 
and of skilled operators. Because of variations in well- 
head pressures, and in producing methods, feed to a 
single plant is quite often received at two or more 
pressure levels. Gases may be rich or lean, and may 
or may not contain dissolved heavy oils. Mixtures of 
gas and distillate at high pressure are often sent 
directly to the processing plant, There is, too, a 
growing tendency toward the handling of crude oil in 
gasoline plants for stabilization to avoid losses of 
valuable vapor components. 

Where several feed materials must be handled by 
a process plant, almost an endless number of alter- 
nate process schemes can be worked out with limits 
set only by common sense and the ingenuity of the 
designer. A frequent combination of feeds is that of 
a high pressure mixture of gas in combination with 
distillate having a boiling range from light gasoline 
through light gasoil. Another frequent combination is 
casinghead gas at vacuum pressure plus high pres- 
sure dry gas, with little material heavier than gaso- 
line. Plant design in each case is altered to suit the 
conditions, the attempt always being to achieve the 
best overall economics. 

One such combination is shown on the opposite 
flow diagram. Gas from low pressure crude oil separ- 
ators was to be processed in conjunction with a mix- 
ture of gases and distillate from high pressure wells. 
Residue gas over fuel requirements was to be sold to 
a high pressure pipeline. High recovery of propane 
was desired because of strong market demand. Re- 
serves and available production volume were ade- 
quate to justify a large and complex plant. 

The distillate from field production is separated 
and vapors led to a “high pressure” 1050 psig. ab- 
sorber. Low pressure feed gas is available at 60 psig. 
and since all residue gases above fuel requirements 
are to be delivered to a pipe line at about 1000 psig., 
one possible route would be to initially compress 
this low pressure gas to full 1050 psig. absorption 
pressure. The designer worked out an alternate solu- 
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tion, providing a second “low pressure” absorber at 
400 psig. into which the compressed gases are led, 
Tail gas from the low pressure absorber, substap- 
tially less than originally compressed, is boosted to 
pipe line pressure, and worthwhile compressor horse- 
power savings achieved. The low pressure absorber 
also serves as a “reabsorber” into which rich oil from 
the high pressure absorber is flashed. Distillate liquid 
from the plant inlet separator is flashed to 400 psig. 
in a separate flash drum, and vapors are led to the 
low pressure absorber which serves as a reabsorber, 

Rich oil from the low pressure absorber is in tum 
flashed into a reabsorber at 250 psig. Liquid from the 
400 psig. distillate flash drum is flashed into a 250 
psig. flash drum. Vapors from the 250 psig. flash 
drum are routed to the 250 psig. reabsorber. 

Processing of the rich oil is not further intercon- 
nected with the processing of distillate in this partic 
ular plant, as a separate distillate stripper is provided 
to receive the distillate from the 250 psig. distillate 
flash drum. 

Rich oil from the 250 psig. reabsorber is handled 
in a more or less conventional manner for the balance 
of the cycle. It is led to a stripper-reabsorber for con- 
tacting with propane rich gases to help release 
ethanes. The rich oil is stripped of absorbed produet 
in two stages with the final stage operating at low 
pressure and with totally condensed overhead. 

Light components including some pentanes are 
condensed overhead from the first stripping still and 
charged to a deethanizer, Noncondensables are rety- 
cled to the stripper-reabsorber as propane-rich Ve 
pors. Heavy gasoline is condensed as the second still 
overhead. Overhead vapors from the distillate strip- 
per are routed to the reabsorber for recovery of their 
heavier components. 

The products are further separated by a series of 
fractionating columns into propanes, butanes, gase 
line, and a distillate fuel cut. 

Residue gas flows to solid bed dehydration equip 
ment where its moisture content is reduced to pipe 
line requirements. 

In many such plants the distillate is not handled 
separately, but is combined with the rich oil. Theat 
rangement saves in plant investment by eliminating 
flash drums and the distillate stripper together with 
preheating and condensing equipment and pumps 
The combining of rich oil and distillate does presem 
certain difficulties, however, as it is then necessary 
to separate the distillate product from the lea oil. 
Heavy distillates can not be readily vaporized for 
condensation as stripper still ovehead, but may © 
quire production as a side stream or bottoms product. 
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URING its 18 years of continuous service to the natural gasoline 

and refining industries, Petroleum Engineering, Inc. has designed 
and constructed more than 200 gas processing plants. This cycling plant, 
built for Shell Oil Company at Sheridan, Texas, is typical of the various 
installations engineered to meet the processing problems of these in- 
dustries throughout the United States and in foreign countries. The same 
trained technicians who designed and built this plant are available for 
consultation on your processing problems. 


PETROLEUM ENGINEERING, INC. 


Houston Tulsa 


Photographed for Petroleum Engineering, Inc. by Robert Yarnall Richie 
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PETROLEUM ENGINEERING, INC. 


accompanying flow diagram shows an Oil 
Purifier Unit used in absorption plants, in the petro- 
leum and coke-oven-gas industries. In the latter in- 
dustry, absorption plants are used for extracting 
liquid aromatics from coke-oven gases. 

This unit continuously removes suspended solids, 
waxes, gums and the higher mol-weight undesirable 
hydrocarbons from the circulating stream of absorp- 
tion oil. Undesirable solids and heavy liquids accumu- 
late continuously in the purifier unit and are periodi- 
cally withdrawn from the system and discarded. The 
undesirable material is removed from the purifier 
unit, while hot, in form of heavy sludge, sometimes 
sO. viscuous it could not be removed unless hot. 
Ordinarily it has the consistency of road oil and 
frequently is used for that purpose around the plants. 
In coke-oven-gas plants withdrawal is frequent as 
compared to plants in the oil industry due to the 
nature of the gas processed. In natural-gasoline ab- 
sorption plants, withdrawal may be every two weeks 
or possibly once a month. 

In most plants it is possible to keep the absorption 
medium practically water white. This results in clean 
heat-transfer surface, oil coolers, heat exchangers and 
preheaters. Clean heat transfer apparatus means 
higher still and lower absorber temperatures, and 
improved efficiency. 

Since heavier hydrocarbons are removed from the 
absorption oil, the result is a lower molecular weight, 
and therefore more efficient absorbent. Such an oil is 
easier to strip, so less process steam may be used or 
better stripping obtained with the same steam. 

The purifier unit is operated in conjunction with 
the conventional still, may be considered a simple 
still, but it does not incorporate a condenser. The 
stripping section of the regular absorption-plant still 
serves as the condenser. Distillation is carried on 
at a temperature and pressure approximating the 
base temperature and pressure of the absorption 
still with which it works. The temperature is main- 
tained by use of an internal heating bundle heated 
by steam or hot oil. All or the greater portion of 
the open process steam which is to be used in 
the plant still is passed through the purifier unit. 
Since the quantity of material evaporated in the 
purifier unit is relatively small as compared to the 
amount of material evaporated in the main still, the 
quantity of process steam passed through this unit 
is proportionately large. This means that absorption 
oil can be distilled under temperature and pressure 
conditions that would not be economical for separate 
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distillation. Vapors from the purifier unit pags 
through a mist extractor and into the normal Strip- 
ping steam connection of the absorption-plant stil], 
These vapors are principally steam, but include a 
substantial quantity of oil vapors. The steam per 
forms the usual function in the absorption-plant stil] 
and the oil vapors are recondensed on the stripping 
trays. In being recondensed these oil vapors give up 
heat at a point in the main still where the addition 
of heat is useful. 

The quantity of oil distilled in this unit depends 
upon temperature and pressure, the quantity of the 
steam passed through the unit, and the physical char- 
acteristics of the oil remaining in the unit. Distilla- 
tion rate gradually tapers off during the period of 
concentration of heavier materials in the purifier and 
it is the usual practice in most plants to dump the 
purifier unit when the distillation rate has been re 
duced to around 0.5 or 1.0 percent of the total plant 
circulation. Distillation rate can be checked by pass- 
ing a sample of the purifier vapors through a con- 
densing coil and comparing the quantity of water 
with oil condensed. 

The only automatic control is a liquid-level con- 
troller, which maintains a level in the unit by admit- 
ting oil from the plant system as fast as oil is evapo 
rated and released. No control is applied to the 
heating medium. If steam is used for heating, the 
full line pressure is allowed on the bundle, and the 
rate of distillation is not limited. In most plants, dis 
tillation rate is considerably higher than necessary 
for maintenance of absorption-oil condition. There is 
no reason however, for limiting the performance of 
the unit since its operation is advantageous to the 
operation of the main still in that heat is added to 
the stripping section. 

No separate process steam is used. Whether steam 
or hot oil is used, the heat is recovered in the strip 
ping section of the still. It may therefore be com 
sidered that the only extra plant utility required 1s 
heat lost in radiation from insulated surface. Heat 
radiation from the unit proper and hot piping that 
otherwise would not be installed in the plant, is 
negligible. 

This oil purifier (patented) is designed and built 
by Petroleum Engineering, Inc., of Houston 
Tulsa. 

Since the initial tryout of. this unit, this purifier 
has been incorporated as standard in absorption 
plants constructed by Petroleum Engineering, Int 
and several other plant designers. It also has bee 
added to plants built before its inception in 1940. 
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Gasoline and Gas Fractionation Process 





THE LUMMUS COMPANY 


Se eCONCENTRATION and stabilization plants 
are among the earliest secondary processes used in 
petroleum refining. The necessity for such plants 
dates back to the earliest days of thermal cracking, 
especially in situations where low-pressure separa- 
tion of the cracking-plant effluent was conducted. As 
the art of thermal cracking developed there was a 
trend towards employing high-pressure-fractionation 
systems and thereby minimize the necessity for gas- 
recovery systems. 

Practically all refineries in operation today include 
some form of gas-recovery and stabilization plant. 
The design of this plant depends to a considerable 
extent upon the type of processing units employed 
and the amounts of wet gas and unstable distillates 
to be handled. However, there have been significant 
advances in methods of handling these materials, 
with the result that substantial savings in both in- 
vestment and operating costs can be made over 
antiquated or obsolete systems. Each refinery situa- 
tion requires special consideration. 

The advent of catalytic cracking brought about a 
great increase in the installation of gas-concentration 
and stabilization facilities for the twofold reason that 
catalytic-cracking plants produce large quantities of 
pentane and lighter materials and that these plants 
must of necessity fractionate the reactor effluent at 
low pressure. The most suitable type of gas-concen- 
tration facilities for operation in conjunction with 
catalytic cracking will depend to some extent upon 
the type of catalytic-cracking operation and the na- 
ture or the charging stock. Gas-concentration units 


of a variety of designs, however, may be used for 
accomplishing any required separation and recovery, 
The Lummus Company has given careful considera 
tion to the many possible types of plant and hag 
determined that the system shown in the flow sheet 
opposite represents one of the simplest and most 
economical for situations where it is necessary to 
recover all C,’s and high recovery of C,’s. 


This plant consists of a compression system for 
raising the pressure of the wet gas to approximately 
150 psig and contacting this material with the un 
stable distillate; an absorber for processing the wet 
gas from the contact drum with debutanized gasoline 
and heavy naphtha; and a debutanizer for producing 
debutanized pasoline and an overhead C,, C, con 
densate stream. The debutanizer in effect acts asa 
still for the absorption naphtha, however part of the 
lean oil flows directly from the low-pressure-frac- 
tionating system of the catalytic-cracking unit to the 
top of the absorber for the purpose of sponging the 
small amount of pentanes and heavier material evap- 
orated from the debutanizer gasoline making up the 
bulk of the lean oil. The debutanizer overhead con- 
densate may be charged through a Girbotol unit to 
a catalytic polymerization plant or may be charged 
to a depropanized for recovery of butane-butylenes 
and an overhead C, condensate. The debutanizer may 
be reboiled with 450-pound steam or with hot cir 
culating oil from the low-pressure-fractionating sys- 
tem, the latter usually being more desirable. In some 
situations it has been found desirable to provide a 
fractionating absorber equipped with a reboiler in 
order to reduce the gas recycle from the debutanizer 
and the amount of gasoline recycled to the absorber 
for lean oil. 
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ALCORN UBLE PURPOSE HEATER 


This tailor-made heater with controllable heat curve for thermal: 
cracking or reforming is a typical Alcorn installation, one of man) 
types which Alcorn makes to meet every requirement for petroleum 
processing. 

Alcorn’s 24 years experience is available for the solution oi your 
heating problems. Send your specifications for new installations of 
replacements. 


}), ALCORN 


Combustion Company 
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Vapor Recovery Process 





FOSTER WHEELER CORPORATION 


‘Bee three refinery operations, absorption, debu- 
tanization-stabilization and rerunning were, until re- 
cent years, three separate process units and were gen- 
erally located in different parts of the refinery. How- 
ever, the modern trend is to combine these processes 
in one self-contained unit, thereby affecting substan- 
tial reduction in labor and utility costs and initial 
capital expenditure. 

In the diagrammed typical vapor-recovery unit, 
employed very successfully to process fluid catalytic 
cracking unit products, the gas and liquid charge is 
united in the charge tank. C,’s and lighter are re- 
moved from the system as gases from the top of the 
absorber with the heavier gaseous products being ab- 
sorbed by the lean oil and returned to the charge 
tank. The total liquid is then charged to a high-pres- 
sure still where the naphtha is partially stabilized 
and charged to the low-pressure still for complete 
stabilization. The net overhead product from both 
the high- and low-pressure stills are joined in the 


high-pressure still accumulator and constitute the 
charge for the rectifier and debutanizer. 

The high- and low-pressure still system is installed 
in place of a single still in order to avoid the use of 
high-pressure (600 psig) steam for reboiling. 

Under this system the total overhead stream is 
condensed at 100 psig and the stabilized bottoms 
product reboiled at 30 psig. This permits the use of 
100-psig steam in the reboilers and normal plant 
cooling water in the condensers. The bottoms product 
from the low pressure still is a 2-pound R.V.P. gaso- 
line, part of which is used as lean oil in the absorber 
and recycled to that tower after being cooled to 90° F, 

The net overhead product from the still system is 
charged to the rectifier from which propane is taken 
as the overhead product. The bottoms from this tower 
is charged to the debutanizer, the last tower in the 
vapor recovery system. The overhead product, a 
butane: butene cut, is a valuable stock for poly- 
merization and alkylation. The bottoms product isa 
debutanized light gasoline fraction. 
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Gasoline and Gas 


Fractionation Process 





E. B. BADGER & SONS COMPANY 


EPevaroruents in fractionation and light- 
ends processing from cracking-plant products re- 
ceived an impetus during the war from the demands 
for stabilization of aviation base stocks and segrega- 
tion of light ends for alkylation or other subsequent 


processing. 

Outlined in the flow diagram is a gas plant de- 
signed and constructed by E. B. Badger & Sons Com- 
pany for a large refiner in this country. This plant is 
designed to receive gas and gasoline from a catalytic 
cracking unit and from a catalytic treating unit, and 
to produce 30,000 barrels per day of combined liquid 
products as well as 6,500,000 cubic feet of fuel gas. 
Debutanized motor gasoline, specification aviation 
gasoline, commercial propane, butanes-butenes for 
alkylation or poly-unit feed, and isopentane are the 
principal end products from the unit. 

Motor gasoline from the cracking plant is charged 
to the debutanizer. This column is operated at 185 
psig to effect recovery of the major portion of the 
overhead as liquid, and the debutanized gasoline goes 
to storage. 

Aviation gasoline from the treating unit is stabil- 
ized at approximately the same pressure, also to 
obtain maximum recovery of the overhead as liquid, 
and the stabilized aviation is pumped to storage. 
The liquid overhead products from the debutanizer 
and stabilizer are pumped to a surge tank from which 
they are sent to the de-ethanizer. 

Cracking-unit gas is transmitted to this plant at 50 
psig. The smaller amount of treating-unit gas, avail- 
able at lower pressure, is compressed to 50 psig, and 
these streams are combined with the small flow of 
overhead gas from the debutanizer and stabilizer, 
compressed in two stages and discharged directly 
into the de-ethanizer which operates at 450 psig. The 
overhead from this column at 125° F. is passed 
through a water-cooled condenser and then is re- 
frigerated, providing reflux at a temperature of 45 to 
50° F., the possibility of hydrate formation preclud- 
ing the use of lower temperatures. A feature of the 
refrigeration unit design is the use of propane pro- 
duced in the plant as refrigerant. The refrigeration 
of the de-ethanized overhead condensate is effected 
by the evaporation of plant propane in a kettle-type 
tubular unit, the propane vapor so produced being 
compressed and then condensed in the depropanizer 
overhead product condenser. Net overhead product 
from the de-ethanizer passes to the refinery fuel-gas 
system as a vapor. 


De-ethanizer bottoms are delivered to the depro- 
panizer which operates at 250 psig. In this columa, 
commercial propane is produced overhead. The bot- 
toms are sufficiently depropanized so that the subse- 
quent butane product will contain less than 1 mol 
percent propane. The butane tower operates at 100 
psig and is designed to make a sharp separation be- 
tween normal butane in the overhead and isopentane 
in the bottoms. The bottoms from the butane tower 
is feed for the isopentane column. This column, oper- 
ating at 22 psig, is designed to produce overhead an 
isopentane fraction of 98 percent purity. The bottoms 
from the isopentane column comprising normal pen- 
tane and heavier are pumped to storage and used in 
motor-gasoline blends. Although two _ isopentane 
towers are shown in the flow diagram, it will be noted 
that process-wise they actually constitute one tower. 
A split tower was used since the height of a single 
tower would have been excessive for the particular 
installation here discussed. 
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Manufacturers: Industrial, Laboratory, Recording and Dial Thermometers 


Main Office and Factory: 
2513 Norwood Ave., Cincinnati (Norwood) 12, Ohio 


Canadian Branch Factory: 
King and George Sts., Toronto 2 





INDUSTRIAL ‘‘RED-READING-MERCURY’’ THERMOMETERS WITH NEW EXTRUDED BRASS CASE 


PALMER Industrial 


made from selected glass, with ‘‘Red- 
Reading-Mercury” feature, a pure mer- 


cury tube with a 


ture a new revolutionary Palmer Patent Separable 
—an extruded brass case in 4”, 7”, 9” 

\N and 12” sizes. Provides larger’ reading Sockets 
scale and longer service. Each tube is 


q 


' 
i 
' 
1 
' easier to read. Accuracy guaranteed. 
' 
i 
. | . 
Y 
! * - | 
} / 
' ( _ at * 
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VERTICAL STEM 


Pibrita: 


Dimensions: Case... 7”, 9”, 12”. 

Fittings . . . Fixed taper thread, 

Union, Separable-socket (usually speci- 
® fied). Flanges: fixed, adjustable or union. 

Thread Size RAS oe CU ee * 

” including thread and longer LEFT SIDE ANGLES 

lengths. Finish . . « White or silvered 
scale; Nickle-plated or chrome mounting. Other 
finishes when specified. Ranges: — 40 + 750° F. (or 
C.). Up to 1000°. with borosilicate glass and plain 
mercury tube. Illustrations above: 


Do hetebeh | to! amor 
iieew 


Thermometers fea- 


wide RED column, 


Sitieitiiiigae 





Palmer sockets are _ interchangeable 
with sockets of similar length. Can be 
furnished in various metals, according to 
the solution to come in contact witt 

socket, Standard metals: Brass 
Steel, Stainless-steel. 


SPE Ss 


SIDR SPER 


A. Standard length 3%” under hex 
. Measures 6” under hexagon 
. With 2%” extension neck, total 6” 
under hex. 
. Mise. length socket. Give “X” di- 


RIGHT SIDE ANGLES mension. 


a oe 


Misc. length socket with extensior 
neck. Give “Y"’ and “Z”’’ dimension 
when ordering. 


45° POCKET THERMOMETERS 


30° . ‘“ . ’ 
oe IS? .. . With “Red-Reading-Mercury 





. Straight (with socket) REPAIRS ... To all makes of mercury 


feature. Handy to carry around for 


Angle (with Union) Industrial Thermometers, furnishing quick tests. Round or Lens 


. Diagram: Inclining case with Vertical stem ““Red-Reading-Mercury”’ 
cost) and replacing all 
parts, making Thermometer as good as . i n 
new. Guaranteed Accuracy. New extruded with pocket clip. (quaran- 


. Diagram: Reclining case with Vertical stem 
(also used as Inclining case with horizontal stem). 
. Left Side Angle. 


Right Side Angle. case Mnctucee. 


tube (no extra 
worn or broken tube, 6” overall metal case 





teed accurate. 








Diagram: Oblique stem with Side Angle case 


LABORATORY THERMOMETERS—Fn- 
graved glass thermometer tube with “Red-Read- 
ing-Mercury.” The wide RED column is much 

easier to read. Round or lens 
glass; Ring top; Button top for 
armours; Total immersion or 
standard 3” Partial Immersion; 
Other depths special; Gradua- 
tions: 1°, 2°, 5° or Fractional 
Division. Each packed in sepa- 
rate box. Guaranteed accurate. 


METAL ARMOURS... As 
an extra protection for Labora- 
tory Thermometers, when in use, 
metal armours can be furnished 
(as illustrated). %” O.D. Per- 
forated end. Screw top with ring. 
Nickeled finish. Ranges up to 
750° F. Brass armour standard. 
For high ranges, steel armour 
furnished. If stainless-steel is 
wanted, specify on order. 


HYGROMETERS & PSY- 
CHROMETERS: For testing Dial Thermometer 
Humidity, we furnish Wet & 
Dry Bulb wall style Hygrometer or the Sling style Psy- 
chrometer. Standard Ranges: + 30 + 120° F. and + 80 
+ 220° F. With “Red-Reading-Mercury” tube, so easy 
to read. 
12260 10042 12” A.S.T.M. and PRECISION ALL-GLASS THER- 
MOMETERS, with “Red-Reading-Mercury.” Made to 


definite specifications and acceptable to U. S. Bureau 





Standards. 


“SUPERIOR” RECORDING 
THERMOMETER 

Mercury Actuated. Very sensitive and 
Guaranteed Accurate. Every part con- 
structed for long and satisfactory service. 
12” die-cast aluminum case; black or 
white wrinkle or satin finish; all parts 
rust-proof; stainless-steel bulb and flexi- 
ble armoured tubing up to 100 ft. Fit- 
tings: plain, Union, separable-socket (usu- 
ally specified), flanges: adjustable or union. 
Electric or Spring clock. 12 or 24 hr. or 
7-day charts, easy to remove. Ranges: 
— 40 + 1000° F. (or C.) Standard charts 


for all types of ranges. 


“SUPERIOR” DIAL 
THERMOMETER 
Mercury Actuated. 

Guaranteed Accurate. 

Very Sensitive. Built 

sturdy, to give long 

service. 8” round case: 
rubberized black finish; 
all parts rust-proof; 

Bulb and flexible ar- 

moured tubing up to 

100 ft. made of stain- 

less-steel; Fittings: 

Plain, Union, Separable- 

socket and adjustable or 

Union - flange; Range 

— 40 + 1000° F. Stand- 

ard dials for all ranges. 


CUP AND ROOM 
THERMOMETERS: 
With lens tube, “Red- 
Reading - Mercury” fea- 
ture. Graduated Scale. 2/65 
Guaranteed Accurate. 
Easy to Read. 


For Good Thermometers—Specify Palmer 
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Proper design and rigid time-resist- 
ant construction assures colder 
water during a longer service life. 
This all adds up to lower opera- 


6 amie tarcemeniocsti OR AR NR, 


tional costs—which means “cooler” 
profits from your processing opera- 


Two cell, coil shed type, redwood induced draft cooling tower 


serving recycling plant for major oil company. 





TIMBER CONNECTORS Double induced draft cooling tower 
t No. 2,280,121—Special cast iron tim- equipped with twenty-four 12 foot diameter Standard Redwood Induced Draft cooling 
t connector used to develop the full adjustable pitch propeller type fans bet on equipped with adjustable pitch, pro- 
of the timber joint, an accomplish- peller type fans driven through our specially 
nost impossible to achieve by bolt- designed right angle spiral bevel gear re- 
ing only duction units by motors located outside 
: . the air stream. 


For Induced Draft, Forced Draft, Atmos- neering principles...to meet specific 
pheric Deck or Spray Towers of design | requirements for cooling performance 
and construction based on sound engi- _and structural strength, consult 


WATER COOLING EQUIPMENT COMPANY 


8605 New Hampshire Avenue Affton Station, St. Lovis 23, Mo. 
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Naphtha Fractionation Process 








E. B. BADGER & SONS COMPANY 


ie cee union of naphtha fractions 
to separate the high-octane branched-chain compo- 
nents from the low-octane components was one 
method developed during the war to produce aviation 
blending stocks. In many instances the investment in 
money and steel required for aviation production by 
this method was but a small fraction of that required 
for the manufacture of high-ociane materials by other 
means. This manufacturing procedure also may be 
applied to the peacetime production of high-octane 
motor gasolines. 

In one installation by E. B. Badger & Sons Com- 
pany, as illustrated by the accompanying flow dia- 
gram, a naphtha cut containing compounds ranging 
from normal pentane through normal heptane was 
charged to a series of superfractionators. Normal 
pentane was taken overhead in the first column and 
the bottoms containing isohexane through normal 
heptane was charged to the second superfractionator. 
Here isohexane was obtained as an overhead product, 
and the bottoms, charged to a third column, were 





 _— 
if =a 
mijmesss (eq NZ 





split into normal hexane overhead, and isoheptane 
and heavier as bottoms. The isoheptane was taken as 
the overhead in the last column. 

In some cases, due to the large number of plates 
and the resultant height, a fractionating column was 
split into two sections, with the vapor from the first 
section passing into the base of the second section, 
and with reflux pumped from the base of the second 
section into the top of the first section. In the flow 
sheet, for simplicity, the columns are shown as single 
units. 

Accurate control of the distillation conditions js 
essential to the success of fractionation operations of 
this type, and Badger engineers developed the special 
instrumentation required. The use of surge tanks of 
ample capacity between the different columns con- 
tributes to steady flow and consistent operation when 
the composition of the feed varies. Due to the close 
boiling points of the fractions to be separated, prod- 
uct drawoff quantities generally are regulated by 
volume control, based on laboratory analyses of the 
feed stocks. 
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Naphtha Special Rerun Process 


——. 





THE LUMMUS COMPANY 


to. utility of a Lummus special naphtha-rerun 
unit built for a large refiner was so clearly demon- 
strated that the same refiner placed an order for an 
exact duplicate to meet his additional requirements 
for this service. 

The engineering problem presented involved con- 
sideration of a number of factors. The chief char- 
acteristic desired was flexibility, since the unit was 
required to operate on a variety of naphthas and 
somewhat heavier distillates for production of spe- 
cialty products of precise specifications. The second 
consideration calling for special design was intro- 
duced by the fact that material being charged to the 


gl 


= ae 


unit had been treated and the fractions produced 
were to be finished products ready for marketing, 
For this reason it was necessary to insure that no 
overheating of the charge material would take place 
and result in off-test products. To meet these require- 
ments a design was worked out in accordance with 
the flow diagram shown on the page opposite. The 
fractionating tower was set up for the production of 
an overhead stream, four side streams and a residue. 
The overhead product was rubber solvent or low- 
endpoint gasoline, depending on the characteristics 
of the charging stock. The four side streams were 
naphthas of various characteristics, most of them 
of narrow boiling range and well fractionated. The 
original intention was to produce as finished products 
the first and third side-stream fractions only, since 
the charging stock indicated that simultaneous pro- 
duction of more than two side streams would not en- 
able specifications to be met. However, the perform- 
ance of the unit was so much better than expecta- 
tions that it was possible to produce three simultane- 
ous side streams to specifications instead of two. 
Avoidance of overheating was obtained by care- 
ful attention to the oil-heating unit. The Lummus oil 
heater lends itself to satisfactory solution of this 
problem because of its symmetry and because of the 
distribution of heat absorption. In view of the fact 


that complete vaporization of most of the various 
charging stocks takes place at a temperature below 
450° F.; it was logical to reverse normal flow of mate- 
rial through the heater by passing it first through 
the high-heat input section of radiant tubes, then 


through the semi-radiant roof tubes and _ finally 
through the convection bank where vaporization was 
allowed to take place. By the use of this flow the tem- 
perature distribution was ideal and it was possible 
to effect complete vaporization of the charging mate- 
rial without reaching a peak temperature which 
would be injurious to the material being handled. 
Further, the maximum temperature required for com- 
plete vaporization is so low that there is no sacrifice 
of furnace efficiency when using the reversed flow 
described. 

Another feature of this unit which may be men- 
tioned involves the grouping of control and metering: 
instruments so that operation of the unit can be car 
ried out with very little supervision and effort. To 
accomplish this, controls were conveniently groupe 
in the control room. Provision for visual inspection 
and flow control of all streams with remote contro 
valves on stripping steam to the side stream strippers 
was provided. This arrangement was made so com 
pact that essentially “arm-chair operation” is POS 
sible. In view of the many different services W hich: 
this unit is called on to perform, the importance of 
close control is evident, and its value has been clearly 
demonstrated by the successful operation of the unit. 
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Hypersorption Process 





UNION OIL COMPANY OF CALIFORNIA 


Bavrensonrrion is a process for the separa- 
tion of hydrogen, light hydrocarbons and other gase- 
ous compounds which are not readily or economi- 
cally handled by conventional fractionation proce- 
dures. The process employs a moving bed of acti- 
vated carbon granules and depends on the ability of 
this material selectively to adsorb heavier hydrocar- 
bons or larger molecules to a greater degree than 
light hydrocarbons or smaller molecules. Several 
commercial units employing the process are now in 
operation with others in various stages of design 
and construction. 

Referring to the flow diagram, it will be noted 
that the Hypersorption unit, termed a Hypersorber, 
has three major sections: a cooling section at the top, 
an adsorption and rectifying section in the middle, 
and a steam stripping section at the bottom. A gas 
lift is employed to convey the granular charcoal from 
the bottom of the unit to the top in a closed cycle of 
circulation. 

The feed gas enters through a distribution plate 
and passes upward counter-current to the moving 
bed of activated charcoal. In its passage through 
the bed, the heavier compounds are adsorbed and 
retained on the charcoal. The top product gas, com- 
prising the lightest constituents in the feed, dis- 
engages from the charcoal below the cooler and 
passes off through a cyclone. The charcoal passes 
downward below the feed point to the rectifying sec- 
tion where it contacts a reflux of heavy constituents, 
separated in the stripper which serves to liberate lighter 
constituents adsorbed on the downward-moving 
charcoal. A concentration of these latter constituents 
in the vapor phase results and if desired they can 
be disengaged as a side-cut product gas at a point 
between the feed and bottom product gas disengag- 
ing sections. As the charcoal flows past the bottom 
product gas disengaging section into the steaming 
section, it meets an upward flow of steam which 
liberates the adsorbed heavy components, and these 
flow upward either to return as reflux or pass out 
as bottom product gas from the Hypersorber. 

The charcoal flows from the steaming section 
into the stripping section wherein it passes down 
through tubes which are heated by a circulating heat- 
transfer medium and through which steam is passed 
counter-current to the charcoal. The hottest point 
in the stripper is at the bottom of this section and 
substantially all residual adsorbed material is re- 
moved during the passage of the charcoal through 
this zone. 

The flow of charcoal leaving the stripper is con- 
trolled by means of a specially designed reciprocating 


330 


feeding mechanism which drops the charcoal into a 
sealing leg in which a level is maintained to restrict 
the flow of steam into the charcoal lift. 

A charcoal regeneration unit is provided to act in 
parallel with the Hypersorber for the purpose of 
carrying out high-temperature steam treatment of 
the charcoal to-maintain its activity. If such regen- 
eration were not provided, the activity would slowly 
drop off due to the accumulation of heavy residual 
compounds on the charcoal. 

The charcoal is transported to the top of the tower 
by means of an elevator or gas-lift system and is 
dropped into the reserve charcoal hopper at the top 
of the unit. The hot charcoal passes down from the 
hopper into the cooling section consisting of a tube- 
and-shell exchanger wherein the charcoal is cooled 
to the desired temperature for adsorption. 

A part of the top product gas stream from the 
Hypersorber passes up through the cooler and hot 
charcoal hopper serving to remove any residual 
water and steam remaining on the charcoal from the 
stripping operation. 

Important to the operation of a Hypersorption 
unit is the automatic temperature controller em- 
ployed to maintain a close separation of the compo- 
nents in the unit. A substantial temperature break 
exists in the adsorber corresponding to the variation 
in the gas composition in the Hypersorber bed. By 
controlling this break to a point somewhat below the 
side-cut disengaging section it is possible to maintain 
a very close control of the separation process. The 
temperature controller operates the make-gas con- 
trol valve which determines the flow of the stripped 
components to production or reflux. A similar setup 
controls the side-cut production and purity. 

Among the applications for the Hypersorption 
process are the recovery of propane and heavier hy- 
drocarbons from natural gas or-absorption plant 
dry gas, the separation of hydrogen from methane 
in hydrogenation and hydroforming plants, and 
the separation of the ethylene and ethane from hy- 
drogen and methane as well as the heavier com 
stituents of the gas streams in ethylene plants, In 
this latter application the Hypersorber, among other 
things, takes the place of the so-called high-pressure, 
low-temperature demethanizer in the conventio 
ethylene plant. Hypersorption also is useful for 
covery of helium, purification of carbon dioxide, ete 
Detailed information on specific problems can Be 
obtained from Union Oil Company of California, L0s 
Angeles. 
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GET THIS PICTUR 


. « of your plants Packing Requiren 


A Sterling Packing Survey will save many hours of your time os 
eliminate errors in ordering . . . and substantially increase the 
of packing in every piece of equipment in your plant. 


The survey designates the packing required for longest, leak-prool, 
trouble-free service. It specifies the type and number of packings 
required, based on your operating conditions and commodity handled. 
it tells you the style number of Sterling packing to order for maximum 
service, 


The Sterling packing specified for each installation is the product of 
laboratory research, proved by performance records throughovt the 
industry. 


A duplicate of the survey is on file in our office. When parking is 
needed, you order by “Item number’’ as shown on your copy of the 
survey. This immediately gives us all the information needed to furnish 
the packings for any or all of the equipment in your plant. 











STERLING PACKING AND GASKET CO. 


(INC. ) 
HOUSTON TEXAS 


Danracantativec in all ennnly ctore centers 








Azeotropic Fractionation Process 








UNION OIL COMPANY OF CALIFORNIA 


Beysnrioric fractionation is a special type of 
distillation process adapted to the separation of a 
mixture of compounds that can not be readily seg- 
regated by the more conventional distillation pro- 
cedures. Such mixtures may be composed of either 
(1) components having essentially the same boiling 
points such as heptane, boiling point 98.5°C., and 
methyl cyclohexane, boiling point 100.9°C., or (2) 
components that form azeotropes among themselves 
such as cyclohexane and benzene which give a con- 
stant boiling mixture (azeotrope) distilling at 77.7° C. 
The usual petroleum fractions encountered in normal 
refinery practice represent a combination of both ot 
the above conditions. In many cases, essentially pure 
compounds can be recovered from such mixtures by 
adding a carefully chosen material, termed an azeo- 
trope former, which will alter the relative vapor pres- 
sures of the components in such a manner that upon 
distillation one of the components is obtained sepa- 
rately from the others. 

The production of nitration-grade toluene from 
petroleum fractions, an operation which was con- 
ducted on a large scale during the war, is a typical 
example of the advantages of azeotropic fractiona- 
tion. Toluene occurs naturally in the distillates from 
certain crudes and the quantity can be considerably 
increased by the catalytic treatment of such distil- 





lates. However, even under the best of conditions 
when applying convéntional distillation procedures, 
the maximum toluene concentration which can be 
obtained is the order of only 70-90 percent, depend- 
ing upon the recovery desired. On the other hand, 
by adding a mixture of methyl ethyl ketone and 
water to these toluene-containing distillates, it is a 
relatively simple matter to recover toluene of 994 
percent purity with yields in excess of 95 percent. 
The accompanying flow diagram, detailing the re 
covery of toluene from petroleum fractions, is illus- 
trative of azeotropic -fractionation technique gen- 
erally, and was based on a commercial plant having 
an on-stream efficiency of 98 percent. 

Referring to the flow diagram, the toluene-con- 
taining fraction and the azeotrope former, a mixture 
of methyl ethyl ketone (MEK) and water, are intro- 
duced into the azeotroping column. The constant- 
boiling mixtures of non-aromatic hydrocarbons, wa- 
ter and MEK pass overhead, giving a bottoms of 


substantially pure toluene. However, in order to 
meet Army specifications for nitration-grade toluene, 


a light acid treatment is required and the acid 
treated material then is rerun in a finishing column 


to give a product of the desired quality. The overall 
recovery of toluene, based on the toluene present in 
the feed stock, is above 95 percent. 

The overhead product from the azeotroping col 
umn is washed with water to recover the MEK 
The dilute MEK solution from the extraction tower 
passes to a recovery column where the MEK-water 
mixture used as the azeotrope former is distilled 
overhead and recycled to the azeotroping columm. 
The water from the bottom of the recovery column 
recycles directly to the extraction column. The 
initial charge and make-up of this azeotrope formef 
constitute a very small portion of the investment and 
operating expense of the plant due to the low cost 
of the MEK and the fact that essentially 100 percent 
recovery is effected in plant operations. 

While the azeotropic process has been described 
for the segregation of toluene from a petroleum frat 
tion the same general procedure is applicable to the 
treatment of ‘many other mixtures such as the ft 
covery of benzene and xylenes from petroleum frat 
tions, the separation of aromatic hydrocarbons from 
thiophenes, paraffins from naphthenes, alcohols from 
ketones, etc. Detailed information on specific prob- 
lems can be obtained from Union Oil Company 
California, Los Angeles. 
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A flextbie “Cat” 
that s-t-r-e-t-c-h-e-s 
Profits 





PERCO CATALYTIC 
DESULFURIZATION 


The flexibility of a Perco Catalytic Desul- 
furization unit offers you three-ways to 
profits. This unit operates efficiently for 
(1) Desulfurization, (2) Catalytic Reform- 


ing, (3) Catalytic Cracking. 


Perco Catalytic Desulfurization is espe- 
cially valuable today because of the 
increasing demand for higher-octane gaso- 
lines. Profitable even for processing low 
sulfur feed stocks, this process is invalu- 


able when used for high sulfur crudes. 


Let a Perco engineer explain how Perco 







Processes can Perk up your Profits. 





PHILLIPS 
PETROLEUM 
COMPANY 


CHEMICAL PRODUCTS DEPARTMENT 
BARTLESVILLE, OKLAHOMA 








PERCO PROCESSES 






" > 7 see 
sac Petroleum Refiner—V ol. < , No. 





























Septer 








Petrochemical Processes 


In THE earlier part of the century, chemists interested in petroleum tech- 
nology predicted that the many hydrocarbons available from petroleum 
and natural gas would provide the basis for a new organic chemical indus- 
try yielding new substances in great variety and of extreme importance to 
civilization. A serious retarding influence in the development of this new 
chemical industry existed for many years in the manifold problems of 
separating from complex mixtures individual chemicals with a high 
degree of purity, and in commercial quantities. The development of 
efficient methods of fractionation for the lower boiling hydrocarbons, and 
fractional solutions in a large number of solvents for isolating the higher 
boiling compounds, and other technical abilities, have finally initiated the 
new petrochemicals industry on a quite extensive scale. This relatively 
new field is presently undergoing growth and expansion so rapid and 
vast that it is almost without precedent. 


The large quantities of hydrocarbons available in petroleum and natu- 
ral gas constitute a relatively low cost source of raw materials for 
organic synthesis. The petroleum companies, realizing the value of many 
products once discarded as waste, or sold in conjunction with products of 
comparatively low value, are entering the field of organic chemistry. They 
are beginning to supply old line chemical companies with large volumes 
of basic organic chemicals for further manufacturing operations. As the 
manufacture of chemicals from oil and natural gas increases the petro- 
leum companies undoubtedly will engage more heavily in this field. 


One aspect of the situation is of great importance. The manufacture of 
finished organic chemicals varies in considerable degree from the oper- 
ating techniques employed in the basic oil industry, the liquid fuels indus- 
try. Chemicals manufacture deals in comparatively smal] quantities, and 
higher investments in both plant and research are required. A higher 
degree of technical skill and operating control is necessary and plant ob- 
solescence is higher. As a result of these factors, the petroleum companies 
are finding the manufacture of intermediate chemicals to serve as raw 
materials for further processing a rather more attractive field, and one 
well suited to the equipment and operating methods of the refineries and 
natural gasoline plants. Chemical companies are following this trend in 
the division of manufacturing operations, too, and are locating plants 
adjacent or convenient to refineries. The light hydrocarbons which con- 
stitute feed stock for many chemical synthesis processes are not easily 
transported for any considerable distances, and thus greatly influence 
plant location near the available feed source. 
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REFINING BOOKS OF THE PETROLEUM INDUSTRY 


To Sarn More~Learn More 


The knowledge gained through years of work and study by some of the most capable men in the 
gil industry is set down in the books listed below. Because it is impossible to carry in one’s head 
all the details of his industry, a well-rounded library of reliable data is a definite asset. Not 
only does it save time, but it often makes his available knowledge of a subject more accurate and 





up-to-date. 


Order some of these books and profit by the experience of others. 


ApRAHAM, HERBERT 
Asphalts and Allied Substances (2 Vols.)............. $22.00 
Bapcer & McCABE 
Elements of Chemical Engineering 5.50 
Bett, H. S. ; 
American Petroleum Refining 
Bennett, H. 
Chemical Formulary—Vol. 1 thru 7 (each) 
BercMAN, Morre_t & EGLOFF 
Catalysis: Inorganic and Organic 
BERKMAN & EGLOFF 
Emulsions & Foams.. 
Burk & GRUMMITT 
Chemical Background for Engine Research.... 


DieHL, Joun C 


Natural Gas Handbook—cloth 
Natural Gas Handbook—leather 
ECKMAN, DoNALp P. 
Principles of Industrial Process Control 
EcLorr, GUSTAV 
Physical Constants of Hydrocarbons 
Vol. 1 
Vol. 2 
Vol. 3 
Vol. 4 


Fits, CARLETON 
Chemistry of Petroleum Derivatives 


Vol. 1 


Chemistry of Synthethic Resins 
Vol. 1 
Figsrr & FIESER 
Organic Chemistry 
Gut, Tuomas T. 
Air and Gas Compression 
Compression and Natural Gas Alignment Charts...... 


Granam, Frank D. 


Griswo p, JoHN 
Fuels, Combustion & Furnaces..................000: 


Hesse & RusHton 
Process Equipment Design 


JaPour, Mascrne J. 


Katicur) sky & STAGNER 
Chemical Refining of Petroleum 


KALICHEVSKY, VLADIMIR 
Modern Methods of Refining Lubricating Oils......... 
KinGsTon, BENSON M. 
Acidizing Handbook 
KIRKBRIDE, C. G. 
Equilibrium Evaluation Charts. ...............ce0e00. 
(20 charts to set) 
KIRSCHBAUM, Dr. EMIL 
Distillation and Rectification 
KLEMGARD, E. N. 
Lubricating Greases; Their Manufacture and Use 
Lepoux, EDWARD 
Vapor Adsorption 
Louse, Henry Wo. 
Catalytic Chemistry 
McApams, Wo. H. 
Heat Transmission 
MANTELL, C. L. 
Adsorption . 
NELson, W. L. 
Petroleum Refinery Engineering 
OLSEN, JOHN C. 
Unit Processes & Principles of Chemical Engineering. . 


Rosinson, C. S. 


RoBInson & GILLILAND 
Elements of Fractional Distillation 
SACHANEN, A. N. 
Conversion of Petroleum 
Scott, WILFRED W. 
Standard Methods of Chemical Analysis (2 Vols.).... 
SHERWOOD, THos. K. 
Absorption & Extraction 
SPELLER, FRANK K. 
Corrosion: Causes & Prevention 
THOMAS, CHARLES A. 
Anhydrous Aluminum Chloride in Organic Chemistry.. 16.50 


TYLER, CHAPLIN : 
Chemical Engineering Economics 
VAN WINKLE, MATTHEW 
Aviation Gasoline Manufacture 
Wacker, Lewis, McApAms & GILLILAND 
Principles of Chemical Engineering 
Simple Blue Print Reading with Special 
Reference to Welding 


Send Orders to 


THE GULF PUBLISHING COMPANY 


P. O. Box 2608 
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Anhydrous Hydrogen Chloride Process 





THE GIRDLER CORPORATION 


Sais process of producing anhydrous hydrogen 
chloride gas was developed by the Hooker Electro- 
chemical Company and is offered through The Gird- 
ler Corporation of Louisville, Kentucky, as licensing 
agent. Synthetic hydrogen chloride will be found 
economical when a pure dry gas is needed. It finds 
many applications in plastics and chemical fields. 
Chemically pure hydrochloric acid may also be pro- 
duced by absorbing the gas in distilled water, but 
it is not generally competitive in price with com- 
mercially available muriatic acid. 


The basic reaction in the Hooker process 1s: 


H,+Cl— 2 HCl 

which is carried out in the water cooled burner ves- 
sel indicated on the flow sheet. Essentially, all of the 
chlorine is reacted and 97 percent or more of the 
hydrogen. The purity of the finished product de- 
pends entirely on the purity of the initial reactants. A 
typical analysis of the finished gas is as follows: 


Hydrogen Chloride 99.00 percent 
CC EOE eee 
Hydrogen 

Nitrogen 

Water Vapor 

Carbon Dioxide 

Carbon Monoxide 


Total 

Hydrogen produced in a Hygirtol hydrogen plant 
(described elsewhere in this section) or from elec- 
trolytic cells may be used readily. Chlorine may be 
obtained from tank cars and subsequently vaporized, 
or from electrolytic cells. 

The raw material requirements for producing one 
ton (2,000 lbs.) of anhydrous hydrogen chloride are 
approximately as follows: 


Chlorine 
Hydrogen 


1,950 pounds 
10,800 SCF* 


(* Standard Cubic feet measured at 60° F and] 
Atm.) These should be dry and available at a mink 
mum of 5 psig. 


The utility requirements per ton are as follows; 


4000 - 45000 gallons 
Nominal 

Space heating only 
1/3 manhour/hour 


Cooling Water 
Power 

Steam 

Labor 

Misc. reagents Nominal 
for drying, etc. 


As the hydrogen and chlorine must be metered 
carefully to avoid the forming of explosive mixtures, 
specially engineered control devices are employed 
for this purpose, making the plant essentially auto 
matic in operation. The plant is completely equipped 
with safety devices to prevent difficulties due to 
hydrogen, chlorine, or water failures. 


Following the burner the gases must be cooled 
and dried and any remaining traces of chlorine re 
moved. This pure gas is then available at essentially 
atmospheric pressure and may be used as such or 
compressed to the desired service pressure. A vent 
gas absorbing system is used to dispose of HCI and 
Cl, vapors on startups. 


The advantages of this method of producing at 
hydrous hydrogen chloride over other industrial 
methods are as follows: (a) Low capital investment 
required per ton of capacity, (b) Low maintenanee 
and operating cost, (c) High purity gas produced dt 
rectly, (d) Safer operation (e) Small capacity instaF 
lations possible and economically feasible, (f) Plant 
output may be readily varied to suit consumption, (g) 
No by-product disposal problem. 


This process has been operated on a full com 
mercial scale for more than five years by Hooker 
and others. 
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Ammonia Synthesis Process 





LION OIL COMPANY 


© ouvasinoe of natural gas into ammonia came 
into wide application during the war period as a 
source of explosive ingredients. One of these plants, 
Ozark Ordnance Works was operated by Lion Oil 
Company, El Dorado, Arkansas, and has since be- 
come a peacetime activity of the company, which 
now produces anhydrous ammonia, aqua ammonia, 
ammonia-ammonium nitrate solutions as well as am- 
monium nitrate fertilizer, from natural gas, air and 
water. 

This process description and the accompanying 
flow diagragn were provided by the Chemical Divi- 
sion of the company and represent expanded opera- 
tions of the war-built plant. From a product view- 
point the process consists of three parts: manufac- 
ture of anhydrous ammonia, manufacture of nitric 
acid, and the finishing of fertilizer. 

Steps in the manufacture of anhydrous ammonia 
include preparation of the raw (suction) gas at the 
reform plant, purification of the suction gas, and 
fixation of the purified hydrogen-nitrogen mixture in 
the synthesis operation to form ammonia. Reforming 
of natural gas is accomplished by passing a mixture 
of gas and steam downward through tubes and over 
a nickel catalyst at 725° C. Air is added to furnish 
nitrogen, the oxygen being consumed by hydrogen, 
and simultaneously a portion of the residual methane 
is converted into hydrogen by secondary reforming. 
The water-gas reaction carried out in the CO con- 
verter in the presence of iron oxide catalyst then 
accounts for the remainder of the hydrogen produced 
in the reform step. 

Suction gas containing approximately 20 percent 
impurities (CO,, O, and CO) is first scrubbed with 
water at 225 pounds pressure to remove most of the 
carbon dioxide. Then the gas is scrubbed with am- 
moniacal copper ammonium formate-carbonate solu- 
tion and then 5 percent caustic at 1800 pounds pres- 
sure for removal of remaining carbon dioxide, all of 
the oxygen, and all but a trace (10 ppm) of carbon 
monoxide. 

In the synthesis loop the purified process gas 
(make-up) and recycle gas both enter the oil filter at 
5000 pounds pressure, pass to the cold exchanger, 
thence to the secondary or ammonia-cooled con- 
denser, back to the cold exchanger, and then to the 
ammonia converter where, by exchange with the hot 
exit gases, the inlet gas is heated and enters the 
catalyst bed at 450° C. Passing through the catalyst, 
fixation of the hydrogen and nitrogen takes place at 
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5000 pounds pressure and a hot-spot temperature of 
525° C. Only a portion of the hydrogen-nitrogen igs 
converted, the converter inlet gas containing 2.5 per- 
cent ammonia and the outlet 12.5 percent. An iron 
catalyst promoted with aluminum and potassium 
oxides is used in the conversion of the hydrogen- 
nitrogen mixture to ammonia. The gas passes from 
the converter to the primary or water-cooled con- 
denser, from which it enters the primary separator, 
and then goes to the circulator for recompression, and 
delivery of the recycle gas to the oil filter. Anhydrous 
liquid ammonia is continuously drawn off the cold 
exchanger and primary separator. 


The process for manufacturing nitric acid com- 
prises three steps: ammonia oxidation, secondary 
oxidation and absorption. In the first step an am- 
monia-air mixture at 60 pounds pressure is passed 
over a hot platinum-rhodium gauze, maintained at 
900° C., and burned to nitric oxide (NO). The gases 
are cooled and then pass to the oxidation tower 
where the introduction of secondary air produces the 
nitrogen dioxide (NO,). This material then is ab- 
sorbed in water by means of a system of absorption 
towers, circulating pumps, and trickle coolers to form 
56 to 57 percent nitric acid. 

In the manufacture of the ammonium nitrate fer- 
tilizer nitric acid (56-57 percent) first is neutralized 
with anhydrous ammonia to form an 83-percent am- 
monium nitrate solution. This solution is concen- 
trated in a vacuum evaporator and the melt charged 
to a pelletizing tower. The pelleted material is 
removed, dried, cooled, and coated to produce the 
desired storage and drillability qualities. The latest 
design which industry affords is incorporated into 
the process and a superior product is obtained. 

A unique feature in the design of the Lion plant is 
that natural gas is used throughout as the prime 
source of power. Such includés its use as fuel in the 
primary reform furnaces, as fuel at the steam plant, 
and as fuel for driving gas engines. These gas 
gines, 54 in number, are housed in the compressor 
building and represent nearly 60,000 horsepower. All 
the engines are 1000-horsepower each with the excep 
tion of 11 1000 K.W. engines used on electric-powe 
generation. Twenty-four of the engines are used of 
process gas compression, 5 on refrigeration, 6 om aif 
compression for nitric acid, and 8 for driving water 
pumps in the water scrubbing operation. 

The chemical plant is operated as a division of 
Lion Oil Company. 
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R-S Products Corporation 


Valve Division, Wayne Junction, Philadelphia 44, Pa. 
R-S Valves for Precise Control and Shut-off 


Distributors in the following cities: 
(Telephone Listing Is “‘R-S Products Corporation, Valves’) 


Appleton, Wis. Chattanooga 
Atlanta Chicago 
Baltimore Cincinnati 
Birmingham, Ala. Cleveland 
Bloomington, III. Corpus Christi 
Boston Denver 
Buffalo Des Moines 
Charlotte, N. C. Detroit 


The Dise or Butterfly type of valve, properly 
designed and constructed, has numerous 
advantages. 
Minimum Pressure Drop saves Power 
The bevelled disc of the R-S Valve seats 
firmly against the body when fully closed. 
Perfect machining reduces leakage to a 
minimum with metal-to-metal seats. Drop- 
tight closure may be had with R-S Rubber 
Seated or Rubber Lined Valve. 
In the open position the streamlined disc 
creates a Venturi action. 
Pressure-drop, as compared with many other 
types of valves, is low, and the R-S Valve 
therefore shows substantial savings in pump- 
ing power, In many cases the saving is tre- 
mendous. 
Regulation and Closure are Quick 
R-S hand-controlled valves are fully closed 
from full open position by the movement of a 
lever through 7714° of arc, Either lever or 
wheel may also be actuated by a chain. 
Power-controlled prime movers delivering 
15 foot-pounds to 38,000 foot-pounds of 
torque open or close at any desired speed. 
Full closure takes 1 second to 10 minutes 
depending on the type of material controlled 
and type of operation desired. 


USES 

Shut-off and regulation of volume 
and pressure 

Pressure relief 

Control of: 
liquid level 
back pressure 
water hammer 
steam hammer 
constant differential pressure 
output of pumps, fans, engines, 

turbines 

automatic combustion 


FOR; 
Air 
Gas 
Liquids 
Steam 
Semi-solids 


TEMPERATURE RANGE 
—300° F. to plus 2000° F. 


THREADS 
U. S. Standard 


American Sanitary 
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SIZES 


FLANGES 


PRESSURES 


TYPES OF CONTROL 


Houston Philadelphia Tulsa 


Indianapolis Pittsburgh Washington, D. C. 
Johnson City, Tenn. Portiand, Ore. Youngstown 
Knoxville Richmond, Va. Caracas (Venezuela) 
Los Angeles St. Louis Havana (Cuba) 
Milwaukee San Francisco Monterrey (Mexico) 
Minneapolis Seattle Panama (Panama) 
New York Syracuse Santiago (Chile) 


Uniform Control in all Positions 
R-S Valves are unique in giving uniform 
control of flow over most of the arc through 
which the disc travels from full open to full 
closed position. 

More Compact, Lighter, Lower in Cost 

R-S Valve design gives a narrower 
face-to-face than most types of de- 
sign. The valve is lighter and re- 
quires less support. Less metal is 
required for its construction; there- 
fore less machining, resulting in 
lower cost, 


Simpler . . . Self-cleaning . . . 
Non-turbulence Reduces Wear 

R-S Valve design offers no pockets 
to capture sediment, no change of 
flow-direction to create turbulence. 
Freedom from turbulence reduces 
erosion and cavitation and there- 
fore adds to the life of the valve. 





A Principle 

Every R-S Valve is designed and built for 
extremely rugged service, and provided with 
such safety-factors that it will give complete 
satisfaction in the service for which it is 
designed. 


TYPES OF METAL 


l” to 84” Aluminum 
Brass Meehanite 
Bronze Cast Steel 


Cast Iron Monel Metal 
R-S “A” Metal (anti-abrasive) 
R-S “H” Metal (heat-resisting) 
Stainless Steel or any other mate- 
rial that can be cast or welded 


A, G, A. 
American Standard 
Spiral Pipe Mfrs, 
and a large variety of 
special flanges 


Send for your 
copy of the NEW 
R-S Catalog 


2 to 2500 psi. 


Full descriptions and 
specifications in R-S 
Catalog 17. Address 
R-S Products Cor- 
poration, Valve Di- 
vision, Wayne 
Junction, Phila- 
delphia 44, Pa. 


Hand lever 

Chain lever 

Hand wheel 

Chain wheel 

Solenoid trip 

Float 

Electric Motor 

Air Diaphragm Motor 
Hydraulic Cylinder 
Air Cylinder 

Many Types of Automatic Control 
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PROCESS & INDUSTRIAL 
ENGINEERING CO. 


—S 


Complete Process or Industrial Design 
Unit Operations . . Layouts . . Reports 
Instrumentation .. Power Plant Engineering 
Equipment Design . . Pipe Engineering 


& General Construction 


2205 Bellaire Blvd. Houston 5, Texas 


Mohawk 6-1914 


ROY E. HOWARD, JR., Engineering Manager W. J. RICE, Chemical Engineer 


D. W. EDLEMAN, Mechanical Engineer CHARLES M. MILLER, Mechanical Engineer 
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Styrene Process 





THE DOW CHEMICAL COMPANY 


7 HE Dow Styrene Process was developed during the early 
1930’s at The Dow Chemical Company’s Research Labora- 
tories in Midland, Michigan, as a step in the manufacture of 
the plastic polystyrene. The wartime synthetic rubber pro- 
gram resulted in construction of four plants which supplied 
styrene for GR-S rubber. Although the process was licensed 
during the emergency, it is not generally available. 

The process in brief is the catalytic dehydrogenation of 
ethylbenzene to styrene at a conversion per pass of about 37 
percent and an ultimate yield of 90 percent, with subsequent 
vacuum distillation of the crude styrene. 

Since reduced pressure favors the dehydrogenation reaction, 
steam is fed at a rate of 2.6 pounds per pound of ethylben- 
zene. About 90 percent of this steam quantity is heat-ex- 
changed to a temperature of 725° F. before entering the 
superheating furnace, which produces steam at 1310° F. The 
remaining 10 percent of the steam is mixed with ethylben- 
zene before being passed through a vaporizer, attaining a 
temperature of 320° F. before heat exchange with hot reactor 
product. At 968° F. the ethylbenzene vapors meet super- 
heated steam at 1310° F. The resulting temperature at the 
bottom of the catalyst bed is 1166° F. This temperature 
point is used for controlling the reaction system. Reactor 
product at 1049° F. is cooled by heat exchange, first with 
incoming ethylbenzene, and then with steam. From this point 
a spray-type desuperheater lowers the crude product tem- 
perature to 221° F. and condenses tars formed at high tem- 
peratures. Vapors then enter the final condenser, where 
steam, styrene, ethylbenzene, benzene, toluene, and small 
amounts of tar are liquefied. Vent gasses containing hydro- 
gen, carbon monoxide, carbon dioxide, methane, ethane, plus 
some of the aromatics pass overhead to a refrigerated recov- 
ery system. 

The materials condensed go to a gravity separator, where 
the hydrocarbons are decanted from the water phase. After 
further settling, part of the water is recycled to the sprays of 
the desuperheater, and the rest is discharged to a disposal 
system. The hydrocarbons pass to another settler, where in- 
soluble tar can drop out along with entrained water. Crude 
styrene then is pumped to storage. An average composition 
for this stream by weight is: 

Styrene ..37.0 percent 
Ethylbenzene 61.1 
Toluene . of Bl 
Benzene .. 0.6 
Tar Dabeit. 5 5a arial oer A 

The final step is the purification of the crude dehydro- 
genated material containing about 37 percent styrene. The 
fractionation requirements are rather strict since the normal 
boiling points of ethylbenzene and styrene differ by only 
48° F. Other factors complicate the distillation step to an even 
greater extent. Distillation of styrene at its atmospheric boil- 
ing point (293°F.) is impossible because of rapid formation of 
polystyrene. At 30 mm. Hg. absolute, the boiling point of 
styrene is 129° F., and the polymerization rate is less than 0.1 
percent per hour. Running under a vacuum, then, is neces- 
sary. Even though a low distillation temperature is achieved, 
the normal irregularities of operation make further pre- 
cautions necessary. Very small quantities of certain foreign 
materials catalyze the polymerization reaction greatly. To 
guard against such possibilities, elemental sulfur is dissolved 
in styrene to act as a polymerization inhibitor. Only by a 
combination of vacuum operation, suitable inhibition of sty- 
rene, and special column design can styrene be distilled suc- 
cessfully. Relatively trouble-free operation can be had by 
distilling inhibited styrene in a system which never allows the 
concentrated monomer to exceed 194° F. 

In the following the flow further, crude styrene passes 
through a pot containing sulfur. Enough sulfur is dissolved to 
act as a polymerization inhibitor. After pre-heating, the feed 
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enters the 30-plate benzene-toluene column where benzene 
and toluene pass overhead at 135° F. The top of this columm 
operates at 175 mm. Hg., and reflux ratio of 12 to 1 is em, 
ployed. Since styrene is still diluted with ethylbenzene ang 
tar, a temperature of 205° F. is allowable at the bottom 
Sulfur passes down the column and effectively inhibits the 
stripping zone. Benzene and toluene from aH four finishing 
blocks then pass to a benzene column of standard constrag 
tion operating at atmospheric pressure. It contains 40 plates 
and operates with a reflux ratio of 3 to 1. Benzene, thus puree 
fied to less than 0.1 percent toluene content, is recycled 
the ethylbenzene plant for alkylation. The bottoms from thig 
column contain toluene and traces of ethylbenzene. Tolueng 
with a 34°_F. boiling range is obtained as product from the 
35-plate toluene column. Ethylbenzene, styrene, and tar them 
pass to the primary ethylbenzene column. At this stage come 
the rather difficult separation of ethylbenzene from styreng 
A single column of 70 plates would give a bottom pressure 
of 225 mm. Hg. and a condition where highly concentrated 
styrene would be boiled at 219° F. This temperature would 
not be advisable even in the presence of sulfur. To overcome 
this difficulty the separation is split into two steps: The pre 
mary ethylbenzene column, which acts as the top 38 plates 
and the secondary ethylbenzene column acting as the bottom 
32 plates. Vacuum jets and cooling water keep the top of 
each at 35 mm. Hg., and thus, the bottom temperatures caf 
be held at a safe level of 194° F. The reboilers of these stills 
are short-tube vertical units designed for a very low liquid 
head in tubes. Steam at 5 pounds gauge is on the shell side 
Low T’s in the reboilers are necessary to prevent high skin 
temperatures. 

The columns are designed for a low pressure drop and 
many precautions are taken to prevent the inward leakage @ 
air. The upper part of the primary column is protected 
against polymer formation by the addition of sulfur to ethyk 
benzene reflux. This primary column takes recycle ethylbem 
zene containing about 1 percent styrene overhead to the feed 
of the dehydrogenation step. Bottoms from the primary af 
pumped through a cooler to the top of the secondary columit 
The overhead from the secondary column is condensed, thea 
flows by gravity to the reboiler of the primary. Condensatioa 
of this stream has proved desirable from the control stam 
point. Bottoms from the secondary column are cooled @ 
prevent polymerization and then pass to a batch-still charge 
tank which is held at 35 mm. Hg. pressure. Packed batel 
styrene finishing stills are used to remove tar and sulfur from 
the styrene. Batch operation permits somewhat easier hair 
dling of the residue and also gives greater flexibility to the 
system. A styrene finishing still runs at varying reflux rali® 
depending on the purity of the ,overhead product. Produt 
purity is recorded continuously on a strip chart by a specially 
designed infrared analyzer. Top temperature is 135° F. at# 
pressure of 35 mm. Hg. Since the upper part of the columit 
operates with little sulfur present, a solution of para-tertiaty 
butyl catechol in styrene is pumped into the reflux to ti 
still by means of a proportioning pump. Five parts per million 
of inhibitor are effective in preventing excessive polymet 
formation. The residué from these columns is drained while- 
hot into dump buckets. This heavy material, consisting 
tars formed in the dehydrogenation step, styrene-sulfur Com 
pounds, elemental sulfur, polystyrene, and styrene are burn 
3efore shipment, para-tertiary-butyl catechol is added @ 
bring the concentration to a minimum of 10 ppm. Shipmemt 
of the finished material is made in insulated tank cars. Styrem® 
is pumped through a refrigerated cooler to these cars to De 
vide a loading temperature below 68° F. With these preca® 
tions, the probability of polymer formation in normal 
car shipment is exceedingly small. 

The process described is highly instrumented. The & 
stream time of the units is quite high—98 percent or mor 
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Ethylene Process 





STONE & WEBSTER ENGINEERING CORPORATION 


Rus two principal sources of ethylene for chemi- 
cal synthesis are (1) olefin-rich refinery gases and 
(2) thermal cracking of ethane or propane primarily 
for the production of ethylene. Most chemical syn- 
thesis processes require that the ethylene supplied 
be relatively pure. In most cases an ethylene con- 
centration in the range 95-99 mol percent is required. 

The low temperature fractionation process shown 
on the accompanying flow sheet is one of the most 
widely used of the various ethylene separation proc- 
esses, roughly 75 percent of the ethylene produced 
in the United States being produced by this process. 

The fresh feed, together with recycled ethane and 
C,’s, is charged to the pyrolysis furnace and heated 
to 1425 - 1450° F. where optimum conversion to ethy- 
lene takes place. The furnace design is such as to 
give a contact time in the reaction zone equivalent 
to 0.7-1.3 seconds at the coil outlet temperature. 
The cracked gas mixture is water quenched at the 
coil outlet to below cracking temperature, and then 
cooled to about 100° F. in a water cooled quench 
tower. 

The cracked gas is compressed in three or four 
stages to 550-600 pounds per square inch gage. The 
gas from the last stage of compression is subcooled 
to about 65° F. to remove the maximum amount of 
water before introducing it into the dehydrators. 
Drying of the gas to a water dew point of approxi- 
mately minus 100° F. is effected by passing the gas 
through a bed of activated bauxite or alumina. 

The dried gas is cooled and partially liquified by 
heat exchange and refrigeration, then introduced 
into the demethanizer tower. Hydrogen and methane 
are taken overhead in the demethanizer together with 
about 3 to 5 mol percent of C,’s required to saturate 
the overhead stream at 550 pounds per square inch 
absolute and a reflux condenser temperature of minus 


130 to minus 140°F. Because of the high relative 
volatility of the key components methane and ethy- 
lene, only a very low reflux ratio is required in the 
demethanizer. Reflux is produced: in a run-back type 
condenser refrigerated by the evaporation of ethylene. 

Subsequent processing of the ethylene and heavier 
components in the demethanizer bottoms varies with 
the composition of the bottoms and number and 
purity of products required. In the process shown 
on the flow sheet the bottoms are fed to an ethylene 
tower where high purity ethylene is removed as an 
overhead product. Reflux is produced at 0 to minus 
15° F. in a condenser refrigerated with propane or 
ammonia. Ethylene tower bottoms are fed to a re 
cycle tower where ethane and C,’s are taken over 
head and recycled to the cracking furnace. The re 
cycle tower bottoms consisting of C,’s and heavier 
usually are not worth further processing and are 
discarded to fuel. When cracking distillate stock, 
however, this fraction is a worthwhile source of are 
matic distillate. 

For simplicity, the refrigeration system has not 
been shown. A cascade type system is employed, the 
ethylene being condensed by the ammonia or pre 
pane refrigerant at about 0° F., this in turn being 
eondensed with cooling water. In the large capacity 
ethylene plants built in the last few years, it has 
been feasible to incorporate into the refrigeration 
system refinements that have increased the efficiency 
of the refrigeration cycle with resulting savings in 
power consumption. 

Operation of the plant is continuous, the solid a¢ 
sorbent type dehydrators reducing the water com 
tent of the gas to a low enough value that no ie 
formation is experienced in the low temperature 
equipment. Low operating temperatures throughout 
the recovery unit keep polymer formation and & 
changer fouling to a minimum. 
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Ethylene Process 








THE LUMMUS COMPANY 


j= great expansion of the petroleum-chemical 
industry during the past few years has been reflected 
in the growth of ethylene manufacture and recovery 
from about 150,000 pounds per day in 1940 to about 
600,000 pounds per day in 1947, with more than one 
million pounds per day scheduled by 1948. While 
other petroleum source materials, such a benzene, 
toluene, and the light olefins heavier than ethylene 
contribute significantly to the tonnage of petroleum 
chemicals today, ethylene has become probably the 
most important of these source materials. 

Ethylene may be produced by the pyrolysis of 
ethane, propane or heavier materials, including re- 
duced crudes, by short-time high-temperature pyroly- 
sis and of course may be recovered from oil-refinery 
gases where it is the by-product of relatively low- 
temperature thermal and catalytic-cracking opera- 
tions. The high-temperature cracking may be con- 
ducted in the presence of hot granular refractory 
or may be accomplished in tubular furnaces. The 
most important source material for ethylene pyrolysis 
at the present time is ethane and propane which may 
be efficiently processed in tubular heaters at tempera- 
tures in the range of 1300-1400° F. The flow sheet 
opposite represents a typical plant designed to pro- 
duce ethylene by the pyrolysis of ethane, propylene 
and propane, and to recover ethylene directly from 
the raw charge gas. 

The fractionating absorber is the most important 
unit in the plant in that it makes the separation be- 
tween methane and ethylene. It is necessary to avoid 
loss of ethylene, but on the other hand, retention of 
too much methane reduces the purity of the ethylene 
below the desired value since generally no further 








demethanization is employed. A portion of the aro. 
matic distillate produced in the process is circulated 
over the absorber at a rate of approximately 3.0-49 
pounds per pound of feed, at which rate only mod- 
erate heat removal in the intercoolers is required in 
order to recover approximately 99 percent of the 
ethylene entering in the feed and reject all of the 
hydrogen and approximately 96 percent of the 
methane. The rich oil from the absorber flows to the 
deethanizer where the split is made between ethane 
and propylene. Inasmuch as both the ethane and the 
propane-propylene are recycled through the pyrolysis 
coils, the separation between propylene and ethane 
need not be sharp, and a low reflux ratio may be used, 
In this tower it is only necessary to avoid loss of 
ethylene in the bottoms. The overhead from this 
tower flows to the ethylene fractionator where the 
split is made between ethylene and ethane. Recovery 
of practically 100 percent of the ethylene in the feed 
to this tower with purities up to 95 percent can be 
made readily. 

Aromatic materials removed from the bottom of 
the depropanizer are used for absorber lean oil as 
required, with the balance being delivered to aro- 
matic-distillate production. A small rerun tower is 
provided for eliminating heavy polymer which builds 
up in the aromatic distillate. 

In this system refrigeration is required in the ab 
sorber, the deethanizer and the ethylene fractionator, 
However, the refrigeration level is from 0° F, up 
wards and the refrigeration load is therefore moder- 
ate amounting to approximately 18 brake-horsepower 
for 1000 pounds of net ethylene produced per day, 
exclusive of the charging stock prefractionation re 
quirements. Driers are provided for reducing the 
water vapor dew point of the absorber charge to less 
than —40° F., in order to eliminate the formation of 
ice and hydrates over prolonged periods of operation. 
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wit, GRINNELL 
PRE-ENGINEERED SPRING HANGERS 


Selecting hangers for piping subject to thermal movement 
is completely simplified. Grinnell Pre-Engineered Spring 
Hangers are available in stock sizes for any load requirement. 

Simply compute the load and order the proper size 
Grinnell Pre-Engineered Spring Hanger as indicated in the 
Capacity Table appearing in descriptive catalog. 14 sizes 
with load range from 84 Ibs. to 4,700 Ibs. 


Showing reverse application of Spring Hangers on a 





Flexible suspension of piping in one of world’s largest 
catalytic cracking plants. 


LOOK AT THESE FEATURES... 


The maximum variation in supporting force per 12" of 
deflection is 102% of rated capacity —in all sizes. 
Guides prevent contact of coils with casing wall or hanger 
rod and assure continuous alignment and concentric 
loading of spring. 

Compact — minimum headroom made possible by precom- 
pression*. 

Precompression* assures operation of spring within its 
proper working range where variation in supporting 
force is at a minimum. 

All-steel welded construction meets pressure piping code. 
14 sizes available from stock—load range from 84 Ibs. 
to 4700 Ibs. 

Easy selection of proper sizes from simple capacity table. 
Installation is simplified by integral load scale and travel 
indicators. 

Unique swivel coupling provides adjustment and elim- 
inates tuvnbuckle. 

*Precompression is a patented feature 


flexible Piping support. Write for descriptive folder on Pre-Engineered Spring Hangers Fig. 268. 


GRINNELL COMPANY, INC. 
Providence 1, R. 1. 


Branch Warehouses 


Atlanta 2, Ca. Kansas City 16, Mo. Philadelphia 34, Pa. 
Charlotte 1, N. C. Long Beach 10, Cal. Sacramento 14, Cal. 
Chicage 9%, Il. Les Angeles 13, Cal. St. Louis 10, Me. 
Cleveland 14, O. Milwaukee 3, Wis. St. Paul, Minn. 
Cranston 7, R. 1. Minneapolis 15, Minn. San Francisco 7, Cal. 
Fresno 1, Cal. New York 17, N. Y. Seattle 1, Wash. 
Heuston 1, Tex. Oakland 7, Cal. Spokane 15, Wash. 
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BROWN FINTUBE SECTIONAL HAIRPIN HEAT EXCHANGERS 


Enables users to keep production 
abreast of changing market and 
seasonal conditions 


@ Unlike “bundle” type exchangers, which are custom 
built for a definite and fixed duty, Brown Fintube Sec- 
tional Hairpin Heat Exchangers give operating men 
almost unlimited flexibility to meet changing require- 
ments. The capacity of the bank can be increased by 
adding additional sections to the original installation. 
Capacity can be decreased by valving off one or more 
of the parallel streams,— or reducing the number of 
sections in each stream. The entire bank can be changed 
from one duty, to another and totally different duty, 
by remanifolding the sections in different series-parallel 
arrangement. And the bank can even be disassembled, 
and the sections then reassembled as two or more smaller 
exchangers on different duties, in different plants. 

Let us help you in adapting Brown Fintube Sectional 
Hairpin Heat Exchangers— with their many outstand- 
ing operating and maintenance advantages—to your 
next heat transfer requirement. The Brown Fintube 
Co., Elyria, Ohio. Sales engineers in the principal cities. 


iS] BROWN FINTUBE 
Saher 2 e : Sectioniue Wu (al ges 


meet bees HEAT EXCHANGERS 


RESISTANCE WELDED INTEGRALLY BONDED FINTUBES AND FINTUBE HEAT TRANSFER PRODUCTS 
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Hydrogen Process 








THE GIRDLER CORPORATION 


A HYGIRTOL* Hydrogen plant for manufactur- 
ing high-purity hydrogen from hydrocarbons and steam 
combines several well established steps into a unified, 
continuous, low-pressure process for producing hy- 
drogen of purity equal to or better than that pro- 
duced by any other commercial process. For many 
uses the hydrogen from a Hygirtol Plant is preferred 
even to that produced by electrolysis because its oxy- 
gen content is so low. 

Suitable hydrocarbons such as natural gas, refinery 
gases, propane, butane and others, are purified to remove 
sulphur compounds, and then are reacted with steam 
at elevated temperatures (about 1500° F.) over a 
nickel catalyst to convert the hydrocarbons to hy- 
drogen, carbon monoxide, and carbon dioxide. By 
employing suitable catalysts in a furnace of special 
design, the decomposition of the hydrocarbons is 
substantially complete so that the hydrogen produced 
will contain less than 0.1 percent of residual hydro- 
carbon. 4! 

The following chemical reactions occur in the 
furnace : 


(1) CaHew: + nH,O = nCO + (2n+ 1) H: 
(2) CaHeme + 2nH,O = nCO.+ (3n+1) H: 


Similar reactions occur with unsaturated hydro- 
carbons such as ethylene and propylene. These re- 
actions are all endothermic, so that heat must be 
supplied in the furnace to maintain the required 
temperatures. 

The mixture of hydrogen, carbon monoxide, car- 
bon dioxide, and steam from the furnace is cooled to 
about 700° F. by the further addition of steam and 
is passed into a converter containing an iron-oxide 
catalyst where the carbon monoxide reacts with 
steam to produce carbon dioxide and hydrogen as 
shown in the following equation: 


(3) CO + H,:0 = CO: + H: 


This reaction is slightly exothermic, so no heat 
need be added to the converter. It 
reaction, with about 90 to 95 percent of the carbon 


is a reversible 
monoxide being converted to carbon dioxide under 
the conditions normally encountered. 

The gas mixture from the converter is cooled and 
the carbon. dioxide is removed by the Girbotol Proc- 
ess. The hydrogen is then purified further as required 


to remove the residual carbon monoxide (about J] 
percent) by further carbon monoxide conversion 
steps followed by the removal of carbon dioxide by 
the Girbotol Process, or by methanation of the resid- 
ual carbon monoxide according to the following re 
action: 
(4) CO + 3H: => CH,+ H:O 

This reaction is exothermic and is carried out at 
slightly elevated temperatures in the presence of a 
catalyst. 

The flow diagram on the opposite page illustrates 
a Hygirtol hydrogen plant producing high-purity hydro- 
gen using propane as process material and fuel. A typical 
analysis of the hydrogen produced in a plant of this 
type is as follows: 


Analysis of Hygirtol Plant Hydrogen 


Component Percent 
Carbon dioxide 0.01 
Carbon monoxide 0.00 
Methane 0.10 
Nitrogen 0.01 
Oxygen 0.00 
Hydrogen 99.88 

Total 100.00 


The material and utility requirements for produc- 
ing 1000 cubic feet of high-purity hydrogen in this 
type of plant are given below: 

Material and Utility Requirements per 
1000 SCF of Hydrogen 


Material or Utility Quantity 
Process Material: 

Propane, gallons 2.75 
Or Natural gas, cubic feet 250 
Fuel (gas or oil) BTU 250,000 
Steam pounds 380 
Cooling water, gallons (30° F. rise) 1600 
Power, KWH 2 
Chemicals, cost in cents 2 


The Girdler process is continuous, and it can be 
made completely automatic in operation. The caté 
lysts used are rugged and long-lived, so that replace 
ment costs amount to only one or two cents p@ 
thousand cubic feet of hydrogen produced. Only ome 
operator is required per shift, and maintenance is 
very small. 

This information is presented through the courtesy of 
The Girdler Corporation, Louisville, Kentucky, enginee®s 
and builders of Hygirtol hydrogen manufacturing plants 


* “Hygirtol” is a trade mark of The Girdler Corporation 
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Hydrocol Process 





TEXACO DEVELOPMENT CORPORATION 


‘ie Hydrocol Process, developed by Hydrocarbon 
Research, Inc., for the production of premium quality 
gasoline, diesel fuel oil and other products by the re- 
action of carbon monoxide and hydrogen, is a method 
for the synthesis of petroleum products. The starting 
material may be oxygen from the air and almost any 
hydrocarbon material, such as natural gas, coal, 
heavy crude oil or fuel oil. Due to its ability to use 
sources of carbon other than from petroleum to manu- 
facture products such as motor fuel, the Hydrocol 
Process may be looked on as a means of greatly ex- 
tending crude oil resources. Development of the 
process using natural gas as the raw material has 
brought it in line competitively with conventional 
refining processes, such as catalytic cracking, for the 
production of high-grade motor fuels. A number of 
large commercial installations are now under way. 

For a number of years, particularly during the past 
war period, the Germans prepared a synthetic gaso- 
line from carbon monoxide and hydrogen by the 
Fischer-Tropsch process. In this operation the Ger- 
mans reacted steam with coke and then adjusted the 
ratio of hydrogen to CO to that desired in the syn- 
thesis step by passing the gas through a water-gas 
shift reactor which converted some of the carbon 
monoxide to carbon dioxide and hydrogen. The re- 
sulting gas freed from its CO, was then passed over 
a cobalt catalyst in a fixed bed. This process had 
many shortcomings: 


1. The catalyst was expensive and reworking was frequent. 

2. The catalyst was extremely heat sensitive; this coupled 
with the fact that enormous quantities of heat are lib- 
erated in the reaction made for complicated and expen- 
sive reactor design. 

3. Power recovery from the reaction was low. 

4. The yy) ce was of poor quality (octane num- 
ber 40 ASTM). 


These drawbacks were so serious that the Fischer- 
Tropsch process could be justified economically only 
under an artificial economy. It appeared, however, 
that the basic reaction of CO and hydrogen to pro- 
duce gasoline and other hydrocarbon products had a 
definite place in American economy. With that in 
mind, chemists and engineers of Hydrocarbon Re- 
search, Inc., and associates have been studying the 
process for more than eight years. The Hydrocol 
Process, as offered for license today, represents the 
culmination of these years of work. Its achievement 
depended upon the successful solution of the follow- 
ing problems: 

1. The manufacture of cheap oxygen. 

2. The efficient production of Hydrocol or synthesis gas 

from natural gas and oxygen. 


3. The development of a cheap, rugged and efficient cata- 
lyst to promote the conversion of Hydrocol gas into 


gasoline. 


4. The engineering of an integrated plant, including a re 
actor design, which would permit absolute temperature 
control and an efficient recovery of the heat of reaction 
in the form of useful power. 


A simplified flow diagram of the process as applied 
to one of the plants now under construction is shown 
on the opposite page. Natural gas and oxygen sepa- 
rately preheated are caused to react in an open-type 
generator at 2500° F. and 250 psig. The resulting gas 
is scrubbed with water and then heated by exchange 
with the generator gas and divided into a major and 
minor stream. The minor stream is passed over a 
water-gas shift catalyst to convert the CO to hydro- 
gen and CO,. The CO, is scrubbed out and the hydro- 
gen is passed to the catalyst treating plant. The ma- 
jor stream is introduced into the synthesis reactor 
where it is caused to react in the presence of a stream 
of recycle gas at 650° F. and 245 psig over a fluidized 
bed of catalyst. The products leaving the reactor are 
passed to a cyclone separator from which catalyst 
fines are recovered. These products pass through a 
heat exchanger where they are employed to heat re 
cycle gas. From the heat exchanger the products pass 
to a cooler and into a separator. In the separator, 
separation into three phases occurs, namely gas, 
hydrocarbon and water. A portion of this gas is 
passed to an absorber, while the remainder is recycled 
back to the reactor. The water containing by-product 
oxygenated compounds is drawn off the bottom of 
the separator and treated for the removal of the 
chemicals, consisting chiefly of alcohols, ketones, 
acids and aldehydes. The small percentage of by- 
product oxygenated compounds contained in the hy- 
drocarbon fraction is removed and the product is then 
fractionated. The off gas is passed to an absorber 
with gas from the separator, and the total C,s and 
C,s are polymerized and the polymer gasoline is 
combined with the treated gasoline. The unabsorbed 
gas is used as fuel for the oxygen and natural-gas 
preheaters. In the synthesis step 98.8 percent of the 
CO and 95.1 percent of the hydrogen are converted 
with yields as shown on the diagram. 

Representative tests on Hydrocol gasoline blend 
are shown below. 


Se Pe we ccc tv acesenn kane 66.4 
CP Octane, Clent...cs.cccscscest 79.2 
es a oe 90.9 
OE OG We” Paes ou dovctcnsncth oneal 9.2 


This brief description and accompanying flow dié 
gram of the Hydrocol Process was made possi 
through the courtesy of Texaco Development Gor 
poration, 135 East 42nd Street, New York 17, New 
York, licensors of the Hydrocol Process. 
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Butadiene Process 





STANDARD OIL DEVELOPMENT COMPANY 


Tess, development of commercial processes for 
the manufacture of butadiene resulted from the re- 
quirements of the wartime synthetic rubber program. 
Butadiene by the catalytic dehydrogenation of nor- 
mal butane or butylene previously had been the sub- 
ject of considerable research and pilot-plant work. 
In going from butane to butadiene it appeared that 
there would be some advantage in operating the 
process in two stages, while from butylenes a single- 
process stage was possible. Wartime demands of 
butylenes for gasoline production by alkylation and 
polymerization processes were heavy, but large-scale 
commercial development of catalytic cracking prom- 
ised sufficient yields of unsaturates to meet require- 
ments, and finally determined the choice of the one- 
stage route, using butylenes as the feed stock. 

In the catalytic dehydrogenation of butylene, the 
principal process problem centers about the reactor. 
The design is complicated from the engineering 
standpoint by the requirements imposed by the chem- 
ical nature of the reactant and product, and by the 
thermodynamics of the reaction. The most serious 
limitation in process design is the tendency for buta- 
diene to polymerize and ultimately to degrade to 
coke and hydrogen. This can be minimized by operat- 
ing at hydrocarbon partial pressures of the order of 
90 to 100 millimeters. The low partial pressures can 
be attained by low-pressure operation or by the use 
of an inert gas as a diluent. 

To obtain reasonable butylene conversion, reaction 
temperatures above 1100° F. have been found neces- 
sary, but to avoid thermal cracking of the butylenes 
in heaters and transfer lines temperatures should not 
be in excess of 1300° F., so that for practical purposes 
the operating temperature range is 1150° to 1250° F. 
at a superficial reactant residence time of about 0.2 
seconds. Because of the above considerations, it is 
necessary to carry out the reaction at about 25-30 
percent conversion per pass and at reduced butylene 
partial pressure in order to prevent butadiene de- 
gradation and excessive by-product formation. An 
additional problem is presented by the fact that the 
reaction is highly endothermic, requiring an external 
heat source of about 725 Btu/per pound of butenes 
converted. 

One commercial solution of these problems em- 
ploys steam as a heat convéying medium to provide 
sufficient heat capacity to reduce temperature drop 
through the reactor to a workable range, 50-75° F., 
and simultaneously lower butylene partial pressure 
to the desired range of 100 millimeters. Excessive 
butylene temperatures are avoided by superheating 
the steam diluent above the reaction temperature and 
mixing it with the hydrocarbon preheated to 100- 
200° F. below reaction temperature just before it con- 
tacts the catalyst. An important advantage is that 
steam reacts with coke to form water gas at the tem- 
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peratures employed for dehydrogenating butylene, 
allowing regeneration of the catalyst by steam alone, 

A catalyst stable and active in the presence of 
steam was a requisite for the steam-dilution process, 
dehydrogenation catalysts used in early development 
work not being satisfactory from this standpoint, 
Extensive laboratory and pilot-plant tests resutled 
in development of a suitable catalyst for this process, 
which also gave higher butadiene yields and lower 
by-product formation than previously known cata- 
lysts under similar conditions. 


The dehydrogenation process as finally developed 
is indicated on the flow sheet, and utilizes two single 
fixed-bed reactors, with equal cycle times on reaction 
and regeneration. Butylene from storage is preheated 
by means of heat exchange and a furnace to not over 
1100° F., while the diluent steam is superheated to 
some 1300° F., and jet-type mixers are employed for 
contacting the two streams directly over the reactor- 
catalyst bed. A 25-pound pressure drop is taken across 
the mixing nozzles to insure adequate mixing energy. 

Reaction products are quenched to below 1000° F. 
as they leave the catalyst bed by means of a pumped 
streafn of condensate. The hot reactor effluent is 
further cooled in a waste-heat boiler and a series of 
quench towers, a condensate containing the bulk of 
the C, hydrocarbons finally being charged to a frac 
tionator for stabilization by separation of a light 
overhead stream and to a rerun tower where a poly- 
mer bottoms stream is produced and the crude buta- 
diene is condensed as an overhead product in com 
junction with other C, hydrocarbons, this mixture 
constituting the feed to a subsequent purification 
process step where commercial butadiene is produced 
by extraction with cuprous salt solutions, or by other 
means. 

Non-condensable vapors from the cooled reactor 
effluent condensate separator are passed through an 
absorber for recovery of C, hydrocarbons. Oil from 
the reactor effluent quench system is in a closed cif 
culation system, but is maintained in satisfactory 
condition by means of a small make-up feed stream 
and a lean-oil stripper which continuously eliminates 
a small bottoms stream to slop. Reactor effluent 
polymer from the rerun tower is also rejected to 
slop. Steam generated in the waste heat boiler & 
utilized as dilution steam feed to the steam super 
heater furnaces, in conjunction with high-pressure 
steam from outside sources. Water condensed from 
the reactor effluent in the water separator is strip 
of any volatile hydrocarbon contaminants in a water 
stripping tower and is then discharged to a water 
blowdown system. 

The above data and the accompanying flow dia- 
gram are available here through cooperation of Stand- 
ard Oil Development Company, New York. 
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MODEL 60F 
6” DIAL 


PORTABLE TACHOMETERS 


| Magnetic Speed 
Indication 


Automatic Temerature 
Compensation 


Speed Ranges 

0 to 50,000 RPM 
Accuracy 

> 0.5 per cent 


This new Smiths 
Led. instrument 
represents the last 
word in a precision 
made Hand Ta- 
chometer. Incorpo- 
rates many new fea- 
tures. Equipoise 
exclusive national 
distribution. Write 
for literature. 









Thermometers 
for every 


Industrial and 
Laboratory 













LABORATORY TYPE 
2” DIAL 
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SPECIFICATIONS 


Equipoise thermometers are available in 2, 3, and 6 inch dial sizes. 


Model 20F, Model 30F, and Model 60F, respectively. 


Case—Stainless steel. Vapor and moisture-proof. 


Bezel—Model 20F and 30F, stainless steel. Model 60F, black-finished 


stainless steel, removable type. 


Dial—Black graduations on anodized aluminum. 


Crystal—Standard glass. Tempered, unbreakable crystal available at 


slight extra charge. 
Primary Element—Precision bimetal helix. 
Stem—18-8 stainless steel, 4%" O.D. 


Special—One-piece connection nut and stem—machined from SOLID 
BAR STOCK, available in 2%” and 342” stem lengths only. Stem 


V4" O.D, Exclusive Equipoise feature! 


Connection Nut—18-8 stainless steel, 2” SPT. 


Over-Range—Ranges 500° F. and below—50%. Ranges over 500° F. 


—10%. 
Accuracy—Within 1% of scale range. 
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3” DIAL 















POROUS METAL PRESSURE 


V4 of 2) PIPE THREAD 


4° or 12 
IPE THREAD & 


POROUS 
STAINLESS STEEL 
FILTER DISC 8" THICK 


CUT-AWAY SECTION 
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Solid Drilled 
One-Piece Stem 


Connection 


SNUBBERS 







Protects Pressure 
Gauge Mechanism 


Gives Steady 
Overage Readings 


These new snub- 
bers damp pulsa- 
tions and filter 
actuating fluid to 
all types of pres 
sure sensitive in- 
struments. Avail- 
able for all types 
of fluids. 
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